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| It has been said that fleas have fleas, 
and the lesser fleas have even lesse1 
fleas, ad infinitum. So it is with sys- 
'wms. Of course, we Americans are suck- 
‘gs for a sales pitch—and many sys- 
lms are bought because of the sales 
| piteh and our desire to find an casy 
‘way to cure all our ills and solve all 
wr problems. However, it is a bit dis- 
‘eoncerting to find that TIME magazin 
nas contributed to the perpetuation of 
the increasing number of “panacea” 
ms in American Business and Industry. 
of be: | would like to quote several sectio is 
ith | from a report carried in the Business 


SVs- 


id Co | 


it-me; ection of TIME, April 12, 1954, paz 
ting. | 100.! 
his Workers find their enlarged jobs less mo- 
exter notonous, les« fatiguing; they are absent loss 
fp often, do less complaining, make fewer mis- 
“ takcs. With tewer setup men and inspectors 
rocee around. foremen deal more directly with the 
' tO workers, which cuts down sharply on mis- 
teres understanding and quarrels. 
prove statements are precisely cor- 
Pratur! ect. But, the report goes on to state: 
Today. ax a result of job enlargement, 
»X pres morale in the department is higher and 
it goin: overtime has dropped 50°. 
ited ') This is the point where I start to take 
Prove} «sue with the report. The above state- 
leery 
‘iment is the start of another cure-all 
Panacea” system that will likely cause 
away {many a business man to pull out his 
ne we hair. The increase in morale, decrease 
iv av| n overtime, and the later stated increase 
werne| in production attributed to JOB EN- 
lal EX} LARGEMENT ignores the basic factors 


may) pvolved in the production or work situa- 
tan The results were obtained by ma- 
* “\ipulation of many factors that influ- 
_|mee the overall work situation. Why 


ow nt recognize the causative factors in 
ver | Me Situation, and stop playing around 

| with gimmicks? We want to design a work 
a) Fr] Stuation that maximizes the output and 
:. seni to all concerned. This includes 
.j, ¢ Me worker, management and the own- 
rater 8 Of the plant or facility, the cus- 
‘ext| omer, and society. All the factors that 

mfluence the work situation, and they 


ns 
abov'/are numerous and complex, must be 
it taken into consideration in order to in- 
telligently design a favorable work situa- 
EER: tion. This cannot be accomplished by a 


otives| technique. Not by JOB EN- 
idua. LARGEMENT or any other. But, let’s 
1 wz find out more about JOB ENLARGE- 


eerin, MENT. It does have some useful and 
aspire Mteresting facets—-if we recognize that 
in th, tis not a cure-all. The TIME report 
of the continues : 


amur, One of the axioms of U.S. business is hat 
phasis efficiency ix increased by specialization. In 
des sf keeping with the axiom, many jobs have 
Courtesy TIME mayazine: copyright Time, Ine.. 
954. 
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been broken down into simple, repetitive tasks 
that workers can learn easily and perform 
awiftly. But such specialization has created 
a bix problem: boredom. Bored workers are 
often poor workers with a high rate of ab- 
senteeiam and spoilare o° materials. To fight 
monetony, companies have tried various 
remedies (e.g.. background music), although 
they have seldom questioned the deep-rooted 
belief that job specialization always lowers 
costs. But is such efficiency always efficient 7 

Many businessmen are beginning to doubt 
it. They have found that in many operations 
there is a point where specialization ceases to 
pay. The savings in workers’ movements is 
more than outweighed by the loss in interest 
and morale. As a result, some businesses 
are trying a radical new approach to special- 
ization and the problem of monotony. The 
new system: “job enlargement.” 

Job enlargement ‘a phrase coined by Yale's 
Human Relations Expert Charles R. Walker: 
was formally born in 1943. On a trip through 
International Business Machines Corp.'s plant 
at Endicott, N.Y., LB.M. President (now 
(Chairman) Thomas J. Watson spotted a young 
woman standing idly by a milling machine. 
She explained that she was waiting for the 
“machine inspector” ithere was a “setup 
man, whose task it was to adjust the ma- 
chine for each new operation, and an in- 
“pector, who okayed the adjustment). Actually, 
she was able to adjust the machine hersel’, 
but if was against the plant rules to do so. 

Watson decided to let her and other ma- 
chine operators make their own adjustments. 
persuaded skeptical production executives to 
wive the idea a trial, It worked. The idea of 
making jobs broader, instead of narrower, 
has .ince spread throughout the 1.B.M. manu- 
facturing plants in the U.S... . 


The TIME report goes on to tell of 
the marvelous, increases in production 
due to JOB (ENLARGEMENT. How- 
ever, it completely ignores the funda- 
mental factors involved. It ignores the 
results of the ‘now classic Western Elec- 
tric-Hawthorne Study. It ignores the 
basic desires of individuals. It ignores 
the psychology of work. In fact, the only 
thing it didn’t ignore was JOB EN- 
LARGEMENT. TIME was greatly en- 
amoured by the cure-all, “the new system 
—JOB ENLARGEMENT.” 

Well, what are some of the fundamen- 
tal factors that are involved in JOB 
ENLARGEMENT? They are things that 
all alert Industrial Engineers recognize. 
Let me state a fundamental concept 
first. 

The main components of any work situation 
are men, materials and machines combined 
in a working environment. All factors that 
influence these main components must be 
considered. Not only must these factors be 
considered by themselves, but in combination, 
interaction, and as in.luenced by external 

of the work group, the organization, 


economy, and the society of which the 
situation is a part. 


forces 
the 
work 
Technology is an important part of a 
productive work situation. But, the 
human factor is equally important but 
less understood. So, let me state a few 
specific points concerning the human 
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The New System: “Joh 


By Dr. Robert N. Lehrer, Editor-in-Chief 
Associate Professor of Industrial Engineering, Georgia Institute of Technology 


factor in a working situation. (These are 
the extremely important points ignored 
in the TIME report). 


@ Each individual wants steady employment 
at reasonably high wages. 

@ Each individual wants to know that he has 
a chance to get ahead.if he cares to take 
advantage of the opportunities through 
diligence. 

@ Each individual wants to be treated with 
dignity and made to feel important. 

@ Each individual wants to be responsible 
and know that his work amounts to some- 
thing. 

@ Each individual is unique—an individual 
and wants to be recognized as such. 

@ Each iniividual wants to belong and work 
toward goa's acceptable to h’s group. 

@ Fach individual wants to know how he 
stands with his boss and with his fellow 
workers. He wants to know when he is 
doing a good job, and equally important, 
he wants to know how he can do a better 


job. 

@ Each individual wants to share in the 
control of his destiny—both on the job and 
o f. 

@ Each individual wants to be led—not 
pushed. 


@ Money looses its power of motivation when 
a certain minimum has been received 
willingness, loyalty, ete. must be earned. 
The various points mentioned above are 
only some of the more basic factors that 
determine what happens in a work situa- 
tion. When principles are ignored—the 
work situation si not be as productive 
as it should be. } 


There is one thing about JOB EN- 
LARGEMENT of which I am certain. 
JOB ENLARGEMENT, per se, is not a 
basic factor in the determination of how 
productive and satisfying a work situa- 
tion might be. JOB ENLARGEMENT 
is a means to an end. Why give it more 
credit than it is due? 


Well, is JOB ENLARGEMENT good? 
Sure, it is good. But, don’t think for a 
moment that it’s a cure-all. It is good 
only if the fundamental elements in the ’ 
work situation are properly recognized. 
It is NOT a cure all to be used without 
considerable caution. 

One final word of caution. When try- 
ing to maximize output while also maxi- 
mizing the benefits of the worker(s), 
management and owner, customers and 
society, let’s be more systematic, scien- 
tific and critical of the many gimmicks 
and techniques that have been touted 
as sure-fire systems. We should utilize 
controlled experimentation to evaluate 
the true results achieved by making a 
change in the work situation. All too 
frequently change causes increased in- 
terest and increased production due to 
things being different than they were. 
These benefits are false and temporary 
gains, soon to be lost. Let’s make sure 
we are doing the right thing. 


| 
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“The presentation might be unsatis- 
factory and the style objectionable be- 


cause of the talking down to the reader 


impression that it gives.” Thus sayeth 
the reviewer in -describing one of my 
books. Referring to the same book, my 
host at a speaker’s table said, “Phil, I 
certainly envy you your style’of writ- 
ing.” I objected by saying, “It is not 
my style.” “But you wrote the book 
didn’t you?” was the Chairman’s come- 
back. To that I replied, “Yes, but all 
I did was try to imitate Glenn Gardi- 
ner.” 

About a different book, another re- 
viewer wrote “Mr. Carroll’s style is a 
welcome relief from those of. writers 
who believe that professional literature 
should be erudite and difficult. This 
volume is well written and quite read- 
«le.” 

Either of these reviewers may be 
right. It depends on how you look at 
readability. Naturally, I am concerned. 
They are my books. Writing a book is 
a chore. Before I ever started | was 
told, “You make about a nickel an hour 
for your efforts.” This refers to tech- 
nical writing — not best sellers like 
Cheaper by the Dozen. 

If a “nickel an hovr 
make from technical “ ‘ting, you have 
wasted your time if «ole won't read 
your report, article or book. If “there’s 
no money in it,” you must write to “con- 
tribute to the Profession” or to “put 
across your ideas” to your associates 
and your boss. From this line of reas- 
oning, I conclude that you have to get 
people to read what you have -written 
if you are to get a return on the time 
you have invested. 

Why Be Difficult? 

If your writing is too difficult to read. 
then people will put it aside. I hasten 
to grant that they may not even pick 
it up. I grant also that too many people 
will avoid learning about something new 
if they can avoid it. 

You may be misguided as I was at the 
start. I said to the publisher, “What 
makes you think I can write a book?” 
His reply was, “Don’t worry. If they 
want the information, they will dig it 
out.” 

If all our experiences have been in 
trying to “dig out information” from 
difficult writing, you may suppose that 
yours should be difficult to read. As 
Rudolph Flesch says, “Don’t forget that 
everybody, including yourself, has only 
his own experience to think with.”! Per- 
haps you continue in the same groove 


s all you can 


*Author of Timestudy For Cost Control, Time- 
study Fundamentals For Foremen, How to 
Chart Timestudy Data and How to Control Pro- 
duction Costs. 


Writing and Reading 


By Phil Carroll* 
Professional Engineer 


because you have heard that executives 
have large vocabularies. You may have 
concluded as Anthony Standen puts it, 
“Therefore learn ten new words every 
day and you will become an executive.- 

Using simpler words is not the whole 
answer by any means. Our basic prob- 
lem is to gain understanding. We hear 
about this every day with all the furor 
about “communications.” Now you can- 
not assume that an easy-to-read com- 


munication will be understood. Never- 
theless, I think it reasonable to say 
that the receiver of a communication 
will understand more if he reads it 


than if he doesn’t. 


Engineers Should Improve 

The point is that I think engineers 
should acquire greater skill with words. 
Let me add, I am convinced that writing 
helps speaking. As I analyze it, the im- 
provement in speaking comes faom get- 
ting your words organized in ways that 
more correctly convey your meanings. 

Much of our time is spent in explain- 
ing what we are trying te do. Perhaps 
I should say “selling” new ideas and 
new methods. In this important phase of 
our work, we can’t get any place if we 


fail to “put over” our ideas. I’m con- 
vinced, too, that the higher you go in 
management positions, the more time 


you spend with words. 
Don't try to put it off as so many do. 


They say, “I can’t write an article” or 
“IT can’t make a speech.” What they 
should say is, “I’m scared to death to 
try.” The longer you put it off, the 


moie apt you are to be in a poor state 
of preparedness at a crucial time. 

The most pathetic sight I can remem- 
ber Was seeing an executive give a speech 
in accepting an Army-Navy “E” award 
during the war. His voice quavered. His 
delivery was halting. His words were 
rarely heard beyond the third row. My 
belief is that he gave the talk only 
because there was no escape from as- 
suming the responsibility. 


You Must Write 
Whether you 
tween writing and speaking is beside 
the point. You may right in your 
view if you are thinking of “speaking” 
as delivering a paper before your pro- 
fessional society meeting. Remember 
however, that you are speaking every 
day when you are explaining some pro- 

posal to any listener. 

Regardless, you do have to write. You 
cannot escape writing the occasional let- 
ter report. Your work may demand 


see the connection be. 


be 


or 


Rudolph, Art of Clear Thinking, ». 52. 
Brothers, New York 1951. 
Science Is a Sacred Cow, 
New York 1950. 


iF lesch, 
Harper and 
“Standen, Anthony. 


p. 25, Dutton and Co., 
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equipt 
chould 
are 
ward 

nelus! 
true 


juctiot 


™ 
that you prepare descriptions of techni. Ae 
cal processes or equipment. You pm 
have to write someone to get actic 
on a proposal you have made. In oth, by 
instances, you are trying to expla) 6 o 
what it is you have learned. Perhapy| it doe 


you may be called upon to write gn | the he 
article explaining your experiences fy — 
the benefit of your company’s ey) ganda 
tomers. ment 
In any case, you cannot hope to g| ™ : 

results unless the receiver will rea! J 
what you have to say. That goes befor) aust 


the question, “Will he understand why. oe 
May 


I have written?” After that comes th! |”, 
question, “Will he take the action || aippe 
recommend?” etups 

Measuring Readability ust 
Writing for easy reading is a “he, | 


subject” currently. Like any new ide s-tio 
some people object. Some think that te 


write for easy reading is to degrad! Orga 
the literature. Others are staunch advo} [f: 
cates. I am one of the latter. For san 
ple, | was talking with an editor yoy 
MeGraw-Hill sometime ago. He remar | han 
ed, “I see that you are very enthused) gudy 
about the Flesch method.” My reply wa: | some 
*“No—addicted.” Lil 
Probably you know that  Rudolp | 
Flesch has worked out a formula fo seal 
measuring readability. Robert Gunning aie 
has developed one for measuring “fog ment 
index.”” My belief is that both guides ar auhe 
very useful. On the other hand, ther rey 
is more to writing than simplicity. Thi sigh 
was brought out in an article in AMA) , ¢] 
“Management Review,” December 199) ; th 
entitled “Is the Language of Busines | 
Doing Its Job.” 
This reports an experiment made by, Tech 
Fortune. Thirteen speeches were selected! ind 
from 100 made by executives. These} 
were divided into two piles. One com ther 
tained five “lucid” speeches that did; 4 
put across the ideas conveyed. The} ' 
other included eight “fatuous” paper| 
that fell short of attaining their pur} “" 
ported goals. Both measured very muc, Of 
the same on a seale of readability. This| ‘eas 
is a clear indication that a quart may,  ¥ 
not be what you thought it was. It may [rate 
be only Mf) proof and poor tasting a! fied 
that. Obviously, a measure by itself ) some 
not enough. 
Learning the Hard Way L 
Please do not assume from what ! nie 
have said that I think I am a writer!) 


am like most people. I insist upon lear 5. 
ing the hard way. Let me prove this y” )..5 


giving you two examples of my oF, ..;,, 
attempts-——before and after. to di 
BEFORE 
ater 
On the other hand, the definition excluce 
many jteme of labor sometime. entlled productiot 
Set up mw one of this type that must be sepe 


| 
4 July, | 


May! 


aCtle 


Othe: | 
Xplair | 
rhap | 
te a 
for 

CUs- | 


to ge | 


rear 


befor, 


Wha’ 
*S the} 
ion || 


“arr 


owr 


rlu ie 
ctor 


sepa 


19). 


.| you the “greatest 


ted because it dees net oceur for each piece. 
The more important exclusion is that of variations 
normal, the material, 
ipment, and other conditions not as they 
a id be. Here, necessary extra allowances 
to protect the hack- 
cal from the standpoint of pieces shipped the 


which occur when 
are 
operator, Looking 
elements mentioned would destroy 
inflating the 


denominator 


ysion of the 


nel 
wrtion try 


prot 
The refore nn 


Apparent 


for 


cost-con- 


jyetion. 
purposcs must remain strictly proportional 
good pieces produced, he &rwise, the result 


rrrayed will not be in accordance with the facts 


In contrast, the definition excludes many items 


f time often 
ne of this type. It 


classed as Set tay? 


rated hecause 


Another is 


must he 


» does not occur for ench phece 

he host of “variations” from normal working 

~onditions These are the kinds of extra work 
the “rate setter fer tise ‘temporary 


prompt 
eandards. These occur when the material, equip- 
are not as they should 
should he allowed 
extra 
| herefaerr 


ment and other eondition 


ne. The 
» protect the operator 


tirvie 
Hut 
preaduction 


necessary extra 


these times do 


aot repre sent extra they 


must he separated from of 


wetion labor 
Maybe thi- 
it backward 
Will the 


extra work 


rk 


pieces 


more elemr if we 


the 


bee 
from standmeint of 
add in 


(‘ertainly 


hipped output be greater if we 


and waiting time” 
But In Mensuring 
we had incrensed 
any of these items \ny 
will inflate 


ly 


would appear as 
add 
times that 


i? if 


“were We to 


such inelirect 


include your apparent pre- 


And we all 


| may 


juction inderstand inflation 


(rganize Your Ideas 


If you think that the “after” treatment 
sany hetter than the “before” 


vu may want to read further. This 
hange has come about as a result of 
tudying about ten books on writing. 


Some of the ideas have taken root. 
Like study in any field, chances are 
vou learn the most from the first book 
you read. Others add new ideas but con- 
tain some repetition of the same funda- 


mentals. More than that, I would as- 
ume that vou “haven't time” to read 
the ten books I studied. Even so, you 
might be interested in learning some 


f the ideas | picked up from. several 
f the authors. 
In a hook like Nelson's. | riting The 


Technical Report.” you would expect to 


‘| finda great deal about how to organize 


your material. One point that he and 
aher authors make is to put cach idea 
oma separate card. This allows 


flexibility in collating 
material by general subject Mat- 
ter, 

Of his hook 
deas about the need for 
n your report. One of his points ts tllus- 
trated by the oft-repeated, over simphi- 
fied outline of a “wood speech.” It 
comething like, “Tell’em what your're 
going to tell ‘em. Then tell ‘em. Then tell 
em what vou told ‘em.” 


COUTSE, contains many 


oper 


Another cxample is brought out by a 
mistake | made. An editor working on 
one of my books wrote, “On you 
mention five points. Where is the fifth 
one?” With this goes of the most 
suggestions | picked up. It has 
todo with the method of connecting your 
material together. This is clearly indi- 
‘ated in Nelson's book by means of dia- 
crams. 


one 


July, 1954 


example, 
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Connect Your Ideas Together 

Walter Campbell* comes as close as 
any author | have read to pointing out 
how to get continuity. He says there, 
“Since every sentence has, as it were, 
a head and a tail, it is generally wiser 
to have all the sentences in a given pas- 
sage follow one another head to tail 
like a string of elephants in a _ pa- 

Another means of connecting one sen- 
tence with another I explain as, “Make 
the object of the preceding sentence into 
the subject of the following sentence.” 


This is similar to Campbell’s idea of 
the head and the tail following each 
other in sequence. 

You already know how to use the 


conjunction. “And” and “but” we learned 
about in grammar school. You use them 
to connect sentences and paragraphs. 
But there are many other connectives. 


Here are a few examples: 


In shert after all For instance Even 

Just the same In contrast First 
of all In sSOomeways Another point 
Yet it is Conversely As a result 


These may be used to tie together ideas 
whether they be sentences or paragraphs. 

Most of us do fairly well in connect- 
ing our sentences. We fail more often 
in bridging between paragraphs. For 
example Campbell says.' “In exposition 
it is customary to take up one point 
at a time and explain it in a paragraph. 
Thus each point is disposed of in turn. 
This breaking an expository composition 
into paragraph units makes it particu- 
larly necessary that these units be con- 
nected, not only by logic but by devices 
of style. That is what the ‘overlapping 
paragraph’ is for.” 

“When we say that two paragraphs 
“overlap”: we mean simply that some 
oor phrase word “used the last 
of paragraph is reintro- 
ated the first few lines 


fev lines 


hice df ‘ii 


of the newt, 
Be Careful of Notes 
When your ideas are collected, prob- 


ably they will contain many notes. Here 
may be one stumbling block. Campbell 
“For the author almost invariably 
copies out the note instead of presenting 
the matter it contains freshly and from 
his own point of view in his own words. 
The result is a compilation of chunks 
of solid undigested fact, and these gobs 


of fact. lifted from the notebook, clog 
and cheek the flow and continuity of 
the work. Now continuity, as we dis- 


covered, is the basic principle of good 
Without continuity we can- 
not hope to keep our reader reading, 
and all our effort is thrown away.”* 


writing. 


Make It Interesting 

Beyond these points that relate to 
what vou write or say are others to 
keep in mind. One has to do with your 


order of presentation. I recall having 


Watter S.. Writing Nen-PFiction, Writer 
Ine... Heston 
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read the manuscript of a paper sent me 
by a friend of mine. He wanted me to 
give it the blue pencil treatment. In the 
main, his paragraphs started off by 
setting the stage- He explained all that 
he thought was necessary before he 
made his point. I suggested that he in- 
vert his paragraphs and make his points 
first. His explanations could follow and 


become more interesting because the 
reader would know why they were 
there. 

In this connection Campbell says,® 


“Often, indeed, the writer (of non-fic- 
tion) feels that his facts and ideas are 
so important that they should be able 
to stand alone, and he resents any 
emotional quality in his work as an in- 
trusion and a distortion of his subject- 
matter. Just here is the rock on which 
sO many earnest writers have been 
wrecked. They have been so intent upon 
their subject that they have neglected 
to take into account the capacities and 
demands of their readers.” Later on he 
makes this point in terms of a rule. “A 
fact and a feeling in every sentence, or 
—if you prefer—an idea and an emotion 
in every sentence.” 

Similarly, Robert Gunning reports? a 
study of the writings of great authors 
of the past made by William Bayard 
Hale. These great writers used on the 
average 1% strong verbs and 4.5 adjec- 
tives per 100 words. And he goes on 
to quote Hale’s statement that, “It is 
with a true instinct that language calls 
the part of speech which represents 
action, ‘the verb’—the word.” 


What is Readable? 


Then we come to the question of how 
readable is our paper or report. Gunning 
pointedly writes,* “The reader in each 
of us grumbles over the mass of difficult 
verbiage we are expected to read. But 
the writer in us turns to the typewriter 
or the stenographer with bland disregard 
of what makes reading easy.” Later on 
he says,” “Wisdom goes on and on with 
simplicity. The keen mind is one that 
can absorb a complicated problem, then 
state it in simple direct terms that will 
transfer the idea quickly and accurately 
to the minds of others. Clarity of style 
cannot replace clarity of thought. But 
the two do go hand in hand.” 


You Can Measure Readability 

To measure readability, Gunning uses 
what he calls “fog index.” He places a 
fog index of 10 equivalent to an under- 
standing of a sophomore grade in high 
school and to the readability of Time 
magazine. His fog index of 9 is equiva- 
lent to the understanding of a freshman 
in high school and the readability of 
Reader’s Digest. He tested Reader’s Di- 
gest for seven years and found that it 
has an average sentence length of 15 

(Continued on Page 22) 


‘Loe Cit, p. &. 
Gunning. Robert. The Technique of Clear Writ- 


ing. MeGraw-Hill Book Co., New York 1952, 
el, 
“Loe Cit, p. 4. 
‘Loe Cit. p. 9%. 
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The specifications for an _ effective 
system of standard data become mean- 
ingful only if we have a very clear 
concept of an effectiveness criterion. Let 
me illustrateYwhat I mean. 

Five different firms using five dif- 
ferent pre-determined time systems in 
similar industries send representatives 
of their respective engineering depart- 
ments to an engineering conference ‘to 
present papers testifying to the suc- 
cessful application of their particular 
pre-determined time system to their par- 
ticular set of industrial operations. 

Now spite of the fact that all 
of these five different pre-determined 
time systems will give different basic 
production standards for a work load 
under either a time work system of 
wage payment or an incentive wage 
payment plan, all five representatives 
testify that the particular system which 
they are using is yielding excellent re- 
sults. The criterion of. success is general- 
ly couched in amorphous language. We 
are informed that the management is 
happy and that the workers are happy 
with the new method. 

Frankly, as a union representative 
let me add that I believe all five engi- 
neers are telling the truth. The criterion 
of effectiveness in these cases is actually 
a very crude empirical, pragmatic m-a- 
sure. Goods are turned out, workers con- 
tinue to be paid, profits are made, mer- 
chandise is delivered. 

This criterion is actually concealed 
however, by professional gobbledygook 
about the sounder scientific validity of 
the use of the new system of measuring 
work loads as against some older 
tem of measuring work loads. What we 
confuse a 


in 


SYs- 


have done in this case is 
scientific criterion with a pragmatic 
judgment. 

What I wish to do in the remainder 
of the time at my disposal is to dis- 
tinguish between these two concepts. 


the pragmatic concept and the scientific 
criterion. There is a confusion here be- 
tween value judgments and the scientific 
method, and until we are able to clarify 
our own thinking it will be impossible 
to develop any criteria for an effective 
system of standard data. Let me first 
begin by comparing the use of macro- 
scopic elemental standard data with an 
installation of pre-determined motion 
time methods within our own industry. 

The New York Dress branch of our 
union utilizes a macroscopic system of 
standard data which remains in. suc- 


What Are the 
System Standard Data? 


By Dr. William Gomberg 


Management Engmeering Department, International Ladics’ 


Based on addresses delivercd to the 
Columbus, Ohio Chapter of AILE, March 
$954, and the Fall of the 
ASME, Rochester, New October 


4, 195.3. 
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cessful use after some 16 vears of opera- 
tion. It remains substantially the same 
as when. first developed by a group 
of Industrial Engineers at that time. 
This system governs the piece rates 
negotiated on behalf of some = &5,000 
workers with their respective employers. 
Piece rates continue to be issued on con- 
tinually changing styles. Work stoppage 
piece rate disputes remain very 
rare. The industry has nace the Ameri- 
can woman the best dressed in the world 
at prices far below those paid elsewhere 
on the globe. In return workers have 
been able to carn a decent liveiihood. tn 
accordance With our pragmatic criterion 
the of standard data in this 
can be termed a success. 

Now let turn to 
tions. A large corset 
midwest some years 
Singer Manufacturing Company engi- 
neers to install the Singer Company's 
adaptation of Methods Time Measurement 


over 


use 


situa 
in the 


two other 
company 
ago called in the 


us 


to the needle industry. Similarly, just 
a few months ago one of the largest 
manufacturers of robes in the country 


called in representatives of the Singe) 
Sewing Machine Company for a simila 
installation. The experience of the repre- 


sentatives of the International Ladies’ 
Garment Workers’ Union with both of 
these installations have thus far been 
very happy ones. 

However, before vou start to cheer 


might I suggest that vou find out why 
our experience was good. The mid-west 


factory required an extensive revision 
of methods which had become obsolete 
over the years. Can we credit Methods 


rime Measurement with this method im- 
provement program or yould we have 
not secured the same results with an 
vider program proposed by Harold May- 
nard in his Operations Analysis or Al- 
lan Mogensen in his Work Simplification 
program or Ralph Barnes in his Motion 
Study outline? In short there is nothing 
un.que that pre-determined motion time 
systems have brought to methods im- 
provement except a set of doubtful num- 
bers to go with the older technique. 

Let us look into the use of these num- 
bers. We assigned one of our moat ex 
perienced representatives to “live” with 
NGINEERING 
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bey | 
0 th 
The 
| “nese 
corks. 
| detern 
| m post 
politel 
Garmeut Workers’ Union 
The 
this installation during the setting of th} data” 
basic piece rates. He brought with hip! shat | 
a mental picture of the identical oper} works 
tions performed elsewhere under Similar | refere' 
conditions in our union factories making | Times 
a similar line of merehand He e jus 
the initial list of times assigned to | 
different operations by the Singer eng). | siques 


necr and running through the list magi of ju 
his demands for adjustments which Wer | the us 
large in some cases and small in other nterp 
There was no constant relations betweer| esults 
his figures and the engineer's figure | manne 
In every case agreement was reache imp 
on a final rate but, vou see, chp 
Singer engineer had to rationalize th Afte 
bargaining technique within his ow) Right 
eystem. submit 

Fortunately Methods Time Measur.| tl 
ment does not define too exactly Wha’ nds | 
average motions are rigridlly require f the 
for any specific operation. By jug. 
chous use of the latitud> afforded hig 4 
the engineer was able to present a wy] da 
of time charts that suited the rityg 
of Methods Tim: Measurement and th [aes ' 
colle bargaining requirements th 
t he lacros 

It a perfect example of the self nders 
demonstrating hypothesis, M.T.M. work| 
ed, that is\ backwards. Under the cir th th 
cumstances \ interposed no objection ar 
to the use of ‘thods Time Measure. ; s0tien 
ment in this factory The manufacture 
was told, in effect yoy are free to us] mswer 
Whatever technique choose to 


pose a piece rate. We, lin turn, reserve} 4! 


to ourselves the right ho choose or r | How 
ject that rate on the Wasis of our time an of 
study techniques or empirical findings | de 
If the ritual vou hav¢ adopted compel: ince © 
vou to go back \our motio outs 
description that's youn problem, not ours | “ning 

A similar proces is now ih progres e po: 


at the Woonsock plant of the robe | sa 
manufacturer if which our union the 
represented by po staff member of the rofess 
emeinecring de There is Neve 
doubt in mind that we shall achieve 3 | i the 
similarly satisfactory result. | Mpose 
What then ould I define as the mos, 
valuable specification of this pre-deter-| ned 
mined mation time system that permits; 4° 
its use inf collective bargaining? | would |! coll 
say that /it-is its very failure to achiev First 
a rigid Assignment of rates to specific * len 
categoyfes: its very scientific weaknes at whi 
makeS it a viable technique. alls fe 
course where the methods tim ght 
gngineer is not challenged in a_ nom listriby 
inion situation, you no doubt could are 
nest to me that the <Vvstem also works : 
P\will ve Vou. & dl spotisn 
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subject must 
his effort 


henevolent, the 


nal or 
poy the master, and adjust 


the master’s equity concept. 

The important thing to remember, 
wever, is that our criterion in hoth 
hose cases iS pragmatic. The system 


corks. Our set of values by which we 


seormine workability remains flexible 
at 


engineer. His system can be 


for the 


| mposed under a business despotism or 


adapted under industrial 


‘democracy. 


vorks 


at which 


standard 


The macroscopic system of 
ita works for the very same reason 
hat the microscopic system of data 


within a democratic frame of 
ference. If we were using Rasic Motion 


itimestudy I suppose this process could 


» justifiqg by Mr. Bailey's statement, 
_ experience in applying the tech- 
niques SOON indicates that a high degree 


f judgment ts required to interpret 


ho use of this data to know where to 


and what the 
The orderls 


aterpolate modify 
~ults of slit hy W 1} hy 


iwanner Of applying the technique that 


. implied from the data has been mis- 


‘vading at times if not dangerous.” | 
\fter we've said this, where are we? 
ight back where we started from, | 
abmit. Under our New York unit: sys- 
m the application of standard data 
nds us a tentative basis for piece rate. 
the piece rate dows afford thre 


vorkers an carning opportunity to which 
nev are entitled, the who apply 
w data feel no hesitation in modifying 
ne rate. They feel no compulsion to go 
ack to the data to twist the data to 
it the new The limitations of 
acroscopic clemental standard data are 


rate. 


nderstood and are accepted. 
Now let us 
th this macroscopic standard data sys- 
pre-determined 
common 

would 


ask ourselves what do 
em and th 
Line 
them 
residual 


called 


Microscapit 
share oon 
useful? | 
flexibility to 
for by the 


<ystem 
mswer: 
epart from 
asic data.” 
However. 


answers 


ambition of stiles 
an of a pre determined Vstem of mo- 
on data ix to secure uncritical accept- 


every 


ince of the final result. that is to take 
‘outside the realm of collective bar- 
aining. The detailed development of 


e possibility of such a set of data | 


an safely leave to the tender mercies 
the representative of the academi 
ofexssion. 

Nevertheless let me summarize some 
[ the requuirements that an engineer 
Mpeses upon himsclf when he declares 
lat he is ready to issue a_pre-deter- 
ned motion time system which will 
ake Work rate setting out of the realm 
f collective bargaining. 

First and foremost, he must define 


scientifically determined level of work 
ought to work. This 
ails for a double emphasis on the word 
ght. Iti 
ustribution of the speeds at which work- 
cuateiy dof 


workers 


ta it statistical 


working | We? 


Basic Mot best 
Toceediny » 


(ierald Patley 


Pp. 


| fries hry 


Ss. A.M Vor 
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the criterion of stability of this dis- 
tribution we then have an _ objective 
measure of what workers are doing. 
Distributions, however, of what some 
engineer thinks workers ought to be 
doing like the current time study rating 
project of the S.A.M. are particularly 
meaningless. This is hardly the time 
and place for an exhaustive review of 
the S.A.M. rating project. I am in the 


course of making such an analysis. | 
believe it will prove that there is no 
rating method in sight which can give 


a scientific criterion of how much a 
worker ought to do. This amount of 
work a worker ought to do, like the 
amount of wages a worker ought to re- 
ceive, is an equity concept and can be 
determined by no scientific means be- 
cause it is outside the realm of the 
scientific method. 

Onee we are given a definite work 
level for a specific operation which both 
parties agree is equitable and we de- 
velop a hy pothesis for extending this 
work level to related operations, then 
the scientific method provides useful 
criteria for testing the validity of our 
hypothesis in accordance with any pre- 
requirements we care to impose 
the 

Collective bargaining requirements 
would mean that we would need some- 
thing in the neighborhood of plus or 
minus two and. one-half per cent.. This 
basic concept is necessary to any 
tem of standard data, macroscopic or 
mnicroscople. 


upon process, 


Sys- 


For the moment permit me to aban- 
don my conviction that rating cannot 
le scientifie and confine myself to the 
thinking more generally found in en- 
vineering circles. How “good” is the 
rating technique in securing times for 
the basic elements of a_ pre-determined 
motion time system?” I should like to 
call the attention to a statistical psy- 
chologist who has analyzed the nature 
of the rating process. I think more is 
revealed by Kalman Lifson’s small study 
than by the much heralded widely pro- 
claimed S.A-M. study. 

Kalman Lifson has been able to dem- 
onstrate that the judgments of the work- 
about their own performance were 
as reliable as the ratings of the time 
study men. Furthermore, there were real 
differences between the relative levels 
assigned the jobs by the raters and the 
relative levels assigned by the workers. 


crs 


Most significantly of all it was dem- 
onstrated that there was a marked 
change in the ratings of time study 


men after they had performed a job as 
against their rating of the job before 
they had performed it. 

Kinsler of the Oscar Mayer packing 
house corporation of Madison, Wiscon- 
<in in an unpublished paper demon- 
strates that the experienced time study 
men of his own corporation find it dif- 
ficult to maintain consistency on the 
<ame operations filmed from one rating 


lowes Ul and Psycholegical Approach to 
Rate Setting. an unpullished Doctoral disserta- 
tion, by Kalman A. Lifson, Purdue University. 
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session to another. 

I merely cite these examples to dem- 
onstrate how limited is the data of the 
S.A.M. project where single spot ratings 
of individual readings were taken. Given 
such chaos in the field of rating, how 
consistent, much less good, can be the 
fundamental building blocks out of which 
you are going to erect your pre-deter- 
mined motion time system even if the 
trade unionist accepts the untenable as- 
sumption that rating can be scientific. 

The next requirement is to demon- 
strate that fundamental units of the 
system are meaningful. That is, it is 
necessary to demonstrate that these sub- 
divisions constitute an additive set. Ab- 
ruzzi had demonstrated that the nature 
of the relationship among macroscopic 
elements is so complex that it varies 
from operator to operator. The whole 
question of the usefulness of even a 
simple elemental breakdown for any 
scientific purpose is thus raised, let 
alone a breakdown into fundamental 
units smaller than therbligs. 

The only support I have seen for the 
additivity of sets of elemental data is a 
report of a very limited research project 
performed at the University of Califor- 
nia. The very important restrictions the 
author imposes upon his results make 
one wonder how significant the whole 
experiment was. The conclusion state 
among other things that “The elimina- 
tion, and as a consequence, the partwise 
treatment of motion elements do not 
change the collective times of the re- 
maining elements provided: 

a) the relative sequence of the ele- 

ments remain unchanged. 

b) the elimination does not destroy 
the basic geometric movement 
pattern of the task.*” 

The relative weight of evidence for 
the additivity of motion elements ad- 
vanced by Stilling is ove whelmed by 
the weight of evidence against any such 
possibility given by Abruzzi and Nadler. 
Until the supporters of motion study 
data can prove that such a subdivision 
of data is meaningful at all, there can 
be no serious attention given to data 
built upon a fundamental fallacy. 

I have purposely omitted specifying 
what the nature of other correction fac- 
tors to the basic data must be in order 
to secure a scientific basis for a pre- 
determined motion time system. I am 
referring to matters like soundly tested 
allowances for interruption and allow- 
ances for fatigue. In the first place re- 
cent studies have raised the question of 
whether or not engineers ought to blank 
all of these allowances into the rating 
facior and make it a so:t of pot pourri 
correction factor. 

Meanwhile let me summarize as fol- 
lows: 

1. The effectiveness criterion can be 

defined in terms of a pragmatical- 


A Study of the Additive Properties of Motion 


Element Time, by Donald Stilling, Preceedings 
5th Annual Industrial Engineering Institute, 
University of California, p. 43. 
(Continued on Page 23) 
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JOB EVALUATIUN—A Prereguisite to Wage Incentives 


Assistant Professor of Industrial Engineering, 


Recently a friend of mine told me 
quite despairingly that his company’s 
wage incentive plan was not operating 
as satisfactorily as had*been anticipated. 
It had not increased production appre- 
ciably and had not performed the di- 
verse miracles that his management had 
expected. “We can’t understand it—we 
spent a lot of money setting up the pro- 
gram; it was given good internal pub- 
licity; and we held several training ses- 
sions to put it across. But it seems to 


have completely backfired . . employee 
dissatisfaction is evident.” 
Now I! wonder if this is an isolated 


case, or does it happen more than most 
companies will admit? 

I have a theory about such happen- 
ings which by the way is certainly not 
original. It is shared by many others in 
the field—academicians and practitioners 
alike. Not only is the theory not original, 
it is by no means new; but unfortunate- 
ly, it has been overlooked in the “gold- 
rush” of the last 15 or so years, to the 
detriment of many wage incentive in- 
stallations. This theory has to do with 
design and engineering versus installa- 
tion and administration. To hetter dis- 
cuss this theory, I will strike a rather 
crude analogy, but one which will em- 
phasize the point. 

I compare an industrial organization 
as we know it today to a precise, com- 
plicated machine. To build this machine 
each part must be engineered, and the 
assembly must be made in the best se- 
quence. To keep our industrial machine 
functions. Much time and effort is spent 
that it be governed, that each component 
part be maintained properly, and that 
a certain amount of preventive main- 
tenance be performed; that is, to sub- 
ject it to a periodic overhaul. 

Progressive managements have a sys- 
tematic network of procedures, controls 
and stopgaps to govern the various ad- 
ministrative and productive functions. 
Investments are controlled, as are pro- 
duction quantities, sales, quality. ac- 
counts payable and receivable and other 
functions Much time and effort is spent 
designing and installing these functions, 
and their effectiveness is reviewed per- 
iodically. But in many organizations, 
even though the wage structure is quite 
properly installed and maintained, it is 
definitely not properly designed and en- 


gineered. This is particularly  short- 
sighted in the face of two important 
developments of recent years: 1.) the in- 


creasing complexity of personnel admini- 
stration, and 2.) the keen competition in 
industry for personnel of all types. Each 
of these two factors demand more than 
ever before an objectively engineered, 
properly installed and adequately main- 
tained program of wage and salary ad- 
ministration. 

Wage and salary administration is a 
rather all-inclusive term. In its full sense 


By James M. Galey 


it usually involves the application of a 
wide variety of management tools such 
as job analysis and evaluation. wage 
surveys, employee evaluation, wage in- 
centives, profit sharing and bonus plans, 
in order to arrive at an equitable dis- 
tribution of the money allocated for 
wages and salaries. It is the general con- 
census that in order for individual com- 
pensation to be determined objectively, 
we must apply these tools with some 
system or pattern. Since we must have a 
firm foundation on which to build extra- 
financial compensation, it follows that 
the basic, relative worth of the job must 
be determined before consideration is 
given to individual effort or perform- 
ance. Accepting this fact. we may evolve 
a system in our application of these 
management tools. 

We can further systematize our 
proach by considering the general 
pects of wage and salary administration 
as consisting of two distinct phases: 


I JOB WORTH 


| hose 
job content 
ditions existiny 
phase of our work 
to such 
makes 
others How 
responsibility of ench 
the 


re snonsibilits 


ap- 


as- 


activities which are concerned with 


con- 


Answers 


basic job value. under 
at the 
should furnish 
What is the job, 
different from all 
tetal difficulty 
job with all 


organization” 


and 
time of analysis. 
questions ane 
job 
the 


what each 


does and 
compare 
Considering 
the 


ih 


other job. in 
this 


value to 


relative what ix basic 


the orvanization of each 

Job analysis, with the resultant 
descriptions and specifications, gives us 
objective job facts which can be cval- 
vated to determine the relative impor- 
tance of each job to the organization. 
The basic value of the job is determined 
by considering the results of job evalua- 
tion. The basic value of the job is deter- 
mined by considering the results of job 
evaluation in the light of such factors 
as prevailing community rates, economic 
conditions in the particular industry, 
government regulations (as applicable) 
and the results of collective bargaining. 
Determination of the basic job value 
is referred to as job pricing and is usual- 
lv performed in conjunction with job 
evaluation. 


Il. EMPLOYEE 


activities 
after an 
job. Questions 
How well 
finally. 
emplovee 


job 


WORTH 
determine 


incumbent 
answered tis 


mdividual 
ni 


hose which 


compensation, 
the 
nre 
and 

cach 


placed on 
thix phase 
do his 
figrur 
How well the employee does his job 
may be determined by some form of 
employee merit rating and or mage 
centives. The answer to the last question 
is found by relating the information 
gained by objective answers to all the 
preceding questions. | wouldn't be an 
engineer if I didn’t try to formulize a 
relationship such as this, so we can ex- 
press this end result of systematic wage 
and salary administration in the follow- 


each employes 
dollar 


job” what exact 


should puted 


ing form: 
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where 

IC Individual Compensation 

Basic Job Value, determined by 
pering the results of job CValuatio: | 
with information gained from war. 
survey, certain aspects of collec 
bargaining and leval consideration. 

MR Additional inerement of pay given ¢ 
performance on the job, measured }, | : 
merit rating of the omployee wi 


Additional 


performance on 


increment of pay given «| M 
the Measured b es 
individual productivity under an ineer 


tive plan 
Additional of pay given Ur | fr 
der a bonus or profit sharing Plan i 


This formula is of course not one tha rig 
allows you to put in values, turn th] th 
crank and get an answer, but it shoul) ut 
remind you that merit pay. incentiy | + 
earnings and other bonuses are after all | me 
ineremental monies that are added to, » 
related in some other Way, to the hasi 
job value. The factors within the brace. 
ets are ones used be the majority 
organizations in which compensation i: | 
determined systematically. The paren. ; 
theses the factors which ar 
dependent on individual effort or per. 
formance. The K factor in the foregoing 
equation is in many instances not a fune. “ 
tion of basic job value or individual per.| « 
formance, consequently it is not included | “e 


| 
— 


enclose 


within the brackets. “i 
It is an unfortunate fact that ma ue 
managements install a wage incentiv| 


plan after devoting little or no time wl] ,. 
secking objective answers to the (jUes- 
tions posed by the first phase of wag 
and salary administration as here pr 
sented. Expected and actual individual | Me 
productivity unde® an incentive plan is| Poy 
In most cases based on units of tim | 
and these units of time are converted! . 
to money, relative to the base rate. Fo 
this reason, base rates to a large exten iat 
determine the employees’ earnings. If], 
Inequities exist in the basic rate struc: | oe 
ture, these inequities will be magnified) 
carnings | 


proportionately by increased 
and magnification of a basically unsound | | 
rate structure is a prime reason for th 
failure of many wage incentive installa 
tions. A competent industrial engineer 
would nat put a job on incentive without 
a thorough job analysis and subsequen' 
standardization; vet this same engineer 
after carefully analyzing. improving anc | 
standardizing a group of jobs, will super 
Impose an incentive plan on an unsounc 
and inequitable structure of basic rate 
And this action will in many cases | 
condoned by his management, 

| 


The precedent for this unsound act 
Was set in the early days of Taylor: 
scientific management movement by per 
sons too enamored with the possibilitie | 
of wage incentives to realize that the’ | 
action could only result in a multiplice®! 
tion of existing inequities in the ‘er 


Wage structure, with an accompanying 
increase in personnel problems. Incet 
tives installed under these condition 
generally Tailed to achieve the expected , ee 
ontinued on Page 114) he 
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| In an earlier article, the authors have 
scussed developments in the use of the 
technique (1).' The 
viven % | method Was 
a8ured w | estimating the proportion of time spent 


an ines) worker in a given work category 
given w.| from series of “fash on Instantaneous 
uw plan | observations. A growing list of applica- 


one thas | ions of this method was noted, including 
urn th | the estimation of equipment and operator 

percentages, work simplifica- 
‘ion analyses, the determination of cele- 
time require- 


shoule 
fter all | ment and production unit 


‘d to. or| ments, studies of the pattern in 
ne basic} materials handling, and studies of jobs 
brack.| involving team) methods. Specific exam. 
rity of! ples of the application of work sampling 
ation | were presented, and procedures for 
parer raining observations were described. 

ich Three aspects of the problem of 
or satistidal tests of and analysts 
regoing! f the results of work-sampling meas- 
a fun-| »ements were noted as follows: 1. tests 
wal per-|} reliability of the proportion derived 
ncludd | om a given study; 2. tests of homo- 


| geneity of results from a series of studies 


( many | wade of a given job over a time period 
eentive |» analysis of variations observed in such 
time te) studies; and eValuation of the signifi- 
ance of work-sampling results as “fore- 
f wag] 
re pre 
lividug | Methods of Analysts in Relation to the 
plan «| Population Under Studs 
of tim A review of recent reports on work 
ompling sugwests some disagreement 
te. For as to the methods appropriate for sta- 
— ‘istical analysis of work-sampling data 
ES. ET 9) (3). Much of the dithceulty appears to 
I wise for lack of a clear concept of the 
| pulation to which such tests are ap- 
| lied. To clarify this question, We note 
a that for purposes of statistical analysis, 
ius ve may define the continuum of events 
wine! uring an observation period as a “popu- 
vithout | Such populations may take 
equent | “Umerous forms, including the following: 
yinee! Fxents in a sinwle, continues tirme prericad in 
ng and | which cobs 
super-| served are 
Faents in centinueus time permed in 
ASOUne which trend is, or may be, present 
rates | in time periods for ex- 
ses ample, in situations that occur seasonally: in 
enxe, the event ccurring in a particular 
acti neon miuht cesstitute «ot 
| 
+t th thannint Pager New 
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cant. For example, in studies of a given job 
performed under known variations in the work 
situation, the population may consist of cer- 
production unit 
associated with all possible variations 
in the werk situation. The events occurring 
during the observation period for a particular 
variation in work situation studied may con- 
stitute «a subponulation such as deseribed in 
types 1, 2, and 


tuin values for example, 
tithes 


kvents related to a particular job performed 
in several different plants. In this case, the 
population may consist of certain values re- 
lates! to all jobs of this particular type in all 
plants. Again, subpopulations may be defined 
which consist of all events occurring with re- 
speet to this job in a particular time period in 
aviven plant 
The above list could be greatly ex- 
panded, but it should illustrate ade- 
quately the kinds of problems encoun- 
tered in applying statistical tests to 
work-sampling data. 
ln the simplest case, type 1, the prob- 
ability of occurrence of a given event is 
constant throughout the observation 
period, and tests based on the binomial 
law aye appropriate. When trend is, or 
\ present as in type 2, different 
probabilities may be associated with par- 
treular sectors of the total observation 
period. Even so, if the population is re- 
vaurded as a continuum containing a very 
large number of individual events—each 
of which has an equal opportunity of 
being work-sampling data 
should yield an unbiased estimate of the 
uverage performance for the period, and 
tests of rellability based on an approxi- 
mation to the binomial law should be 
upplicable to the estimated average value. 
The random observations required for 
strict application of the binomial law 
could be obtained with a system of ran- 
domly preselected observation times (4). 


observed 


(on a less formal—although generally 
acceptable basis, observations which 
closely approximate the type desired 


should result if the continuum of oe- 
currences In a given work situation is 
subjected to a process of continuous, or 
systematic, sampling (1).' 


When properly econdueted, the process of con- 
tinteus, or s¥stematic, sampling described in ref- 


a» random start for the observation period in rela- 


the following qualities : il) 


tion te any wiven work status: «2) unavoidable, 
although miner, variations in observation time per 
round” 4) an irrewular although not neces- 
rarelory series of events to be observed or 
sentially evelie observations with minor varia- 
tions in the time period per eycle. Under these cir- 
ne predisposition is evident to sample 
ony wiven eatewory of events: prior to the start of 
the study, any of the events in the continuum to 
le observer! has an equal chance of appearing in the 
Hence, an acceptable approximation to the 
of obecervation desired should result. 
Moreover, the use of the “informal” procedure 
would very likely provide a much larger sample 
for a given 
expenditure of observer time than an observation 


marily 


immstances, 


pele 


und possibly a more accurate estimate 


preeedure based on randomly preselected observa- 
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Sampling Studies: 


GUIDES TO ANALYSIS AND ACCURACY CRITERIA 


The presence of trend during a given 
time period can be ascertained by making 
a series of separate studies, distributed 
over the time period. If appropriate tests 
indicate random variations between the 
results of the separate studies, the data 
may be pooled. Depending on the cir- 
cumstances, this may involve pooling all 
the observations from all the separate 
studies or pooling the results—for ex- 
ample, delay proportions or unit produc- 
tion times of the separate studies. 
When time trends are present, regression 
analysis can be applied to the. results of 
the individual work-sampling studies. 
This would provide an estimate of the 
amount of the time trend and a basis 
tor tests of significance of this estimate. 

In many situations, a consistent varia- 
lion over time is not present, but there 
may be significant variations with re- 
spect to some other factor. This is the 
situation described above under types 4 
and 5. In such cases, a series of work- 
sampling studies may be made, with each 
study related to a known—or selected— 
variation in the work situation. As in 
the preceding example, nonparametric 
tests, analysis of variance, or graphic 
analysis may be used to test the homo- 
geneity of results from the separate 
studies. Depending on the indications of 
such tests, the separate studies may be 
pooled or the nature of the relationship 
to the known variation in work situation 
may be estimated. 

To summarize the above, we note that 
statistical tests at two different levels 
have been described as follows: 1. simple 
tests, based on the binomial law and 
applied to data from individual work- 
sampling studies, or similar tests ap- 
plied to the pooled observations from 
several studies if this procedure is indi- 
cated by a preliminary analysis and 2. 
tests of significance applied to the re- 
sults of analysis of data in which the 
variation between separate studies is not 
random. 

The ideas presented above perhaps can 
be made clearer by an illustration drawn 


tion times. 

In the discussion that follows, we use the terms, 
“separate study” or “particular study.” to describe 
the procurement of several hundred observations, 
closely spaced over a relatively short time period. 
These terms apply to either a systematic or ran- 
domized sample of this time period. A group of 
such studies made of a given situation is referred to 
as a “series of studies.” 

‘The “population” in this case consists of the 
results of all possible studies during the total time 
period under observation. If a known distribution 
can be ascribed to this population, conventional 
tests of homoweneity can be made. Where the dis- 
tribution is not known, nonparametric tests may be 
appropriate ‘see reference (5), Chapter 17). In 
some cases, the presence, or absence, of systematic 
variation may be demonstrated satisfactorily by 
simple, graphical analysis. 


from recent studies of lettuce packing 
and shipping operations in California.’ 
A particular work-measurement prob- 
lem in this study was to determine the 
net productive time required to field pack 
a carton of lettuce, using different types 
of equipment. With one of the methods 
studied, the packing job is performed by 
a work group of eight packers who ride 
a mechanized packing unit. As this unit 
is driven through the field, lettuce—cut 
and trimmed by other crew members-—is 
fed to the packers from a harvest strip 
56 feet wide. Work-sampling observations 
on the jobs performed in this operation 
were made by an observer who followed 
the unit through the field strip, making 
repeated observation cycles through the 
crew in which one observation per cycle 
was obtained on each worker. Each ob- 
servation was classified as to “working” 
or “not working’ and there were several 
subclasses within each category. In addi- 
tion, total cartons packed and_ tota! 
elapsed time per strip were recorded.’ 

Within the framework suggested pre- 
viously, what statistical treatment of 
such data is appropriate? How shall the 
statistical population be defined? Are 
we justified in pooling work-sampling 
observations from all strips in a given 
field or from several fields? If we are 
‘primarily interested in net production 
times, is the proportion of working (or 
of not working) time itself of interest? 
Can conventional tests of proportions be 
applied to any segment of the data? 

If all fields were perfectly uniform 
and there were no essential variations 
in the performance of different crews, 
pooling all observations and treating 
these data as a single set of random 
observations might be appropriate. This 
simplification, however, may not be war- 
ranted. Variation in the quality of lettuce 
is apparent between fields and within a 
given field. In fact, considerable varia- 
tion frequently occurs in the quality of 
lettuce within a given strip. Performance 
factors with different crews also may 
vary. The presence of such variations 
tends to discourage the pooling of all 
observations unless suitable preliminary 
tests are satisfied. 

Suppose we recognize that all sources 
of variation in the activity being meas- 
ured cannot be singled out—to do so 
would involve treating each work-sam- 
pling observation individually—and that 
we consider a single harvest strip to be 
the minimum analytical segment. We 
might then argue that a process of sys- 
tematic sampling applied to each strip 
vields an acceptable approximation to a 
random sample of activity in a particular 
strip. Proportions computed for a given 
strip give an estimate of average per- 
formance for that strip, and tests of 


"These studies were part of a cooperative project 
of the California Agricultural Experiment Station 
und the Agricultural Marketing Service, U. S. De- 
partment of Agriculture. This work was author- 
ized under the Research and Marketing Act of 1946. 

‘For details as to method of data collection and 
computation of unit production times in this type of 
study, see reference (1) 
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Figure 1. The effect of rate of harvest on net unit production time for field Pachine 
lettuce in cartons, using mechanized equipment. 


reliability based on the binomial law may 
be applied. The standard error of esti- 
mate can be computed for proportions 
relating to each strip, and this can be 
used to obtain an interval estimate of 
the average unit production time for each 
strip. Note that at this level of analysis 
we have an approximation to the kind 
of populatian listed above as type 1. 
An additional step in the analysis of 
unit production times in this example is 
illustrated in Figure 1. Each point in this 
chart represents the average net produc- 
tion time per carton in a particular har- 
vest strip, plotted in relation to the 
observed rate of harvest. The regression 
line, fitted graphically to points based on 
studies of a series of harvest strips, 
indicates that net unit production time 
varies with rate of harvest. This line 
obviously does not “explain” all of the 
Variation in estimated unit production 
times as there is a noticeable scatter of 
points around the line. Part of this “un- 
ex »lained” variation can be attributed to 
sampling errors in the work-sampling 
estimates, and part probably due to 
the omission of significant variables from 
the analysis. For example, a multiple 
regression analysis relating unit produc- 
tion times to quality of lettuce and crew 
performance factor, as well as to rate of 
harvest, might greatly reduce the amount 
of “unexplained” variation in unit pro- 
duction times. If desired, the equation 
for the regression line in Figure 1 or fo 
a multiple regression analysis could be 
obtained mathematically, and = tests 
significance could be applied to the re- 
vyression coefficients. this level of 
analysis, we are proceeding under the 
assumptions of our type 4 population. 
If the simple graphical analysis illus- 
trated in Figure 1—or more exhaustive 
regression correlation analysis —had 
revealed no measurable trend or signifi- 
cant correlation of unit production times 
With other variables, a simple average 
of unit production times from all the 
separate studies would represent the 
most meaningful result of the analysis. 
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of 
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‘The variation in net unit packing time is attrib- 

uted In part to variation in the pace of the packers 

methal of handling the 


and to a slight chanwe in 


lettuce as the rate of harvest varies 


THE JOURNAL OF INDUSTRIAL ENGINEERING 


If the analysis had been in terms 
work-sampling proportions rather the 
unit production times, the absence , 


trend would sugyest that an average 
for a given att, 
bute would be appropriate, on 
of random variation in the proportig 
observed for a given attribute in separay 
studies would indicate that 
tions from all the separate studies mig! 
pooled.” pooling all observation 
we would proceed under the assumptior 
applying to population type 1. 

While the example could | 
possibly illustrate all of the probler 
one may encounter in the analysis | 
Wwork-sampling data, it highligh 
some of the points essential to. thi 
discussion. Note that we have illustrate 
distinction between “separat 
represented by a single point | 
Figure 1, and a “series of studies,” re 
resented by the entire group of point 
in Figure 1. 
“a series of 
populations 


observed per oport 


all obse) ¥ 


above 


dows 


our 
study,” 


studies, different statistics 
with variations in analytics 
procedure have indicated, Th 
problem of selecting the  appropriat 
Variable for analysis was illustrated. TI 
desirability of performance ratings 
situations has been sugyested. | 
been shown that incorporation « 
some form of correlation framework 
stratification in the sample design ma 
significantly the amount of 
formation obtained. 


heer 


some 
has 


Increase 


To some extent, the preceeding discu 
sion Is a from the principa 
objective of this paper, which is to co 
sider the relatively narrow 
statistical tests of reliability in situation 
Where the binomial law is applicabk 
This digression seems desirable, however 
in io make the 
of such tests with to work-sam 
pling studies and to avoid the impressie 


(divression 


oblem « 


order clea 


respect 


eVider 


Within the data comprising | 


Rehability of Work-Sampling Proportion 


limitation: 


‘Note that wide variation in delay proportion: 
uch as the does tet necessary 
dicate inconsistent result or Wide variation in 
essential variable. This possibility ix evident fro 
the facet that crew size is fixed, while rate of bat 
test varies wiiely. In this situation, delay prope 
‘ary while relative 

it 
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hat an indiscriminate pooling of work- 
ampling observations is permissible al 
hat tests of such pooled observations 
gsed on binomial law necessarily vield 
meaningful reliability. It 
coms clear, however, that in the sim- 
case, tests of work-sampling pro- 
ortions based on the binomial law can 
applied directly. In) more complex 
ases, may be appropriate at 
rtain levels of the analysis or may be 
ypplied to pooled data after preliminary 
sutished., 


measures of 


such tests 


have been 


ly considering tests ol proportions, we 


sampling attributes, 


ote that, fol 
| -andom observations follow the distribu- 
| non of the binomial law. Computations 
| ased on this distribution are extremely 
normal 


Results 


and the 
setribution is frequently used, 
vith the normal distribution closely ap- 
roximate those with the 
omial distribution when the population 


umbersome, however, 


obtained 


roportion multiplied the of 


hwerVations eXce ds five (6). The normal 
in the development 


istribution Is used 
‘hat follows. 


It is assulne i that, for a wiven obser- 


ation 
secured. Suppose 


random observations can 


that of n 


period, 
such ob- 
vervations, possess attribute, 
fhe proportion, pon nAthen, is an un- 
ased estimate of the true proportion, 7. 
The average from 
an infinitels 
ize n ts equal 


value of p obtained 


larwe number of samples of 
and the variance of 


is given by the equatio 


(1) 
n 
For a viven value and the value 
fp obtained from a particular sample 
f size 2. We cun state, with a proba- 


itv a of being correct, that p does not 


from by more than t Sym- 
ically, this statement ts: 

P | t..0 | (2) 
nwhich t. is found in a table of central 
veas under the normal curve for given 
aiues of the <elected level at prob 

‘ability. Commonly used values of o and 

the related values of t. are 

mire 

thy 

It is clear from equation ¢1) that, 
given population proportion, and 
fo limitation on sample size, the vari- 
ance, @ cun te mad us small as de- 
! sired simply by increasing n. This means 
that, for ai given level of probability, 
| the term t.¢ in equation (2) may be 
educed to any desired level, and we 


‘can substitute a assigned admissible 


| ror, sa that 


equation ¢€2) becomes: 
setting o Wwe 
t 


can express In 


“rms of the preassigned values for ad- 


Missible error and level of probability 
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Substituting for ¢, in equation (1), the 


solution for nis: 


t. r(l —w) 


(3) 


From equation (3) it appears that the 
required sample size n increases directly 
with the probability level and inversely 
with the admissible error. For given val- 


ues of t. and ©, n increases from zero 
whens 1.0 or zero, to a maximum value 
when 1/2. The size of sample re- 


quired thus depends on the level of prob- 
ability desired, the admissible error, and 
the proportion of the attribute being 
sampled. 
\ccuracy Criteria 
The admissible error in the sample pro- 
portion is so chosen as to yield a desired 
or agreed upon—accuracy in the final 
result. We may be interested, for example, 


in gletermining delay allowances on a 
piece-rate job, with the criterion of a 
maximum admissible error in the wage 


payment. Or we may be estimating delay 
time, or element times, for use in job 
analysis, with predetermined limits of ab- 
solute error in the time measurements. 
These limits may be based on judgment or 
may result from labor-management bar- 
vaining. When reflected in the admissible 
error in the sample proportions, they pro- 
vide a criterion for determining the num- 
ber of sampling observations consistent 
with the level of probability specified and 
the limit of admissible error desired in 
the final result. 

In discussions of required sample size, 
one of two alternatives usually is consid- 
ered, One procedure is to choose an ad- 


missible error, ©, that Is constant re- 
vardless of the proportion being mea- 
<ured; the other is to specify the ad- 


missible error as yr, where y is a con- 
<tant percentage of the proportion, +r. 
The effect of these two criteria on the 
<umple size required for a given level of 
uccuracy may be indicated by substitut- 
ing selected values for t., 7, and the ad- 
missible error in equation (3). The re- 
sults for © 0.05, ¥v 0.10, and 
1.060 are shown graphically in Fig- 
ure 2. Thus, with 0.50 and a con- 
stant admissible error, © 0.05, n = 384. 
With the admissible error, 0.107 and 
- O50, n is again 384. If, however, 
" 0.10, the required n for © = 0.05 is 
Ise, and the required n with an admissi- 


ble error of O.109 is 3,457. 


It is evident in Figure 2 that, when 
- v.50, the required sample size Is a 
maximum for © 0.05 and a minimum 
admissible error of As ap- 
proaches zero, the required n also ap- 
proaches zero When the admissible error 
‘< constant, but when the admissible er- 
ror is ver, the required n approaches in- 
tinitvy as approaches zero. 


Vr. 


These contrasts in required sample size 
emphasize a practical aspect of the prob- 
lem of specifying the error limit. If a 
constant absolute admissible error is se- 
lected, a level acceptable for relatively 
large proportions may seem excessive if 
the proportion is small. For example, an 
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Figure 2. The effect of population pro- 
portion on number of work sampling ob- 
servations required to secure preassigned 
limits of error in sample proportion under 
two criteria: (1) admissible error — 0.05 
for all sample proportions and (2) ad- 
mis<ible error — 0.10r. 


absolute admissible error, © = 0.05, may 
seem reasonable if we are sampling in 
a situation where = 0.95, yet, seem ex- 
cessive if * were small, say 0.05. We re- 
act in this manner even though these pro- 
portions are complementary as, for exam- 
ple, in a work-sampling study where the 
categories “working” and “not working” 


are 0.95, “working,” and 0.05, 
“not working.” The alternative of speci- 
fying the admissible error in relative 


terms, however, may lead to absurd sam- 
pling requirements for small proportions 
A uniform application of this criterion 
in work-sampling studies would lead to 
an extreme absolute accuracy, and a pro- 
hibitive sample size, for work elements 
comprising a small and perhaps inconse- 
quential part of the total. 


Required Sample Size for a Given Level 
of Accuracy 


Thus far, our discussion of reliability 
and the indications of required sample 
size for specified accuracy criteria given 
in Figure 2 have assumed knowledge of 
the true proportion, r. In a sampling 
problem, however, we have only an esti- 
mated value, p. If n is large, a satisfac- 
tory estimate of the variance of p may be 
obtained for a given sample of size n by 
substituting the estimated proportion p 
for m in equation (1). This provides 
means for probability statements con- 
cerning a given sample, as in equation 
(2), but as p is not known, a priori, a di- 
rect solution for n in equation (1) Is no 
longer possible. A solution for n in terms 


= 
J 


of p and a constant admissible error, ©, 
is given by the equation” 


in which p’ = p when p =~ 1/2, and 
p’ = (1— p) when p 1/2. 
A graphic solution of equation (4) 


with a — 0.95 and with selected values 
of © is given in Figure 3. Note that these 
curves are symmetrical about p’ 0.50, 
that the required sample size for a given 
admissible error increases as 0 becomes 
smaller, and that for each curve there ts 
a minimum required n for p = 0 or 1.0. 


of 


Figure 3. Number of observations re- 
quired to obtain work-sampling propor- 
tions with given absolute limits of error 
and stated probability, « = 0.95 


In applying Figure 3 to a work-sam- 
pling problem, an initial sample of size 
corresponding to p’ = 0 is taken. A pre- 
liminary estimate of p’ then is made and, 
if p’ does not equal zero, or 1, a tentative 
value of the required n is obtained by en- 
tering Figure 3 at the observed value of 
p’. Additional observations are made and 
the process of “cut and try” continued 
until the desired convergence ef values 
for 6, p’, and n has been attained. In most 
situations, a few additional observations 
ean be obtained with little cost so that a 
slight oversampling resulting from only 
occasional reference to the chart may be 
more practicable than an exact solution. 

When the accuracy criterion is a per- 
centage of the sample proportion, yp, the 
problem of estimating the required n for 


“For development of this equation, see reference 
‘7. However, it should’ be here that the 
derivation of equation (4) is based on a contidence 
interval estimate of m such that 


noted 


The terms Fi. and we. are functions of p' and are 


random variables. The interval is symmetrical! — 
that is ip’ Wiad (Wes pi—only when 
0.5. When p’ is smaller than 0.5, ip’ 
is less than (me, p's. In fact, when p’ 0, 
Wis 0, while re. 0. the amount of the admissa- 
ble error. To obtain a conservative value for n, 
with the probability coverage specified, it is as- 


sumed that the true value of r corresponds with the 
particuar value within the confidence interval that 
requires the larvest n. This criterion is satisfied 
by assuming ip when p’ — 
und by assuming 7 0.5 when p’ falls in the in- 
(0.5 

is based on the normal distribution. 
In the range where np < 5, use of the Poisson or 
binominal distribution would yield appreciably 
smaller values for n. Thus, some oversampling is 
indicated, although not to a serious degree. 


terval 0.5 to 


"This chart 
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a given value of t, becomes more complex 
than with a constant admissible error, 
for the etfect of random variation in the 
sample proportion enters the admissible 
error criterion as well as the sample pro- 
portion. A solution for the required n 
based on a relative error criterion is not 
presented, although an approximate re- 
sult indicating roughly the required sam- 
ple size might be obtained by substituting 
yp = © in equation (4). By following 
the cut-and-try procedure of gradually 
increasing the sample size, a sample 
yielding the preassigned relative error, 
with the specified level’ of probability, 
could be secured. 


Probable Error Limit with a Given Sam- 
ple Size 
Another possible criterion for work- 
sampling studies is to specify a constant 
sample size. The relationships between 
the error limit, 0, the observed propor- 
tion, p, and a given sample size, n, can 
be shown by transforming equation (4) 
to the following quadratic form, 
(5) 


') o(2p—li—p(i—p’) 0 


and solving for © A graphic solution 
showing the positive roots of this equa- 
tion for selected values of n and p’ and 
for a 0.95 is given in Figure 4. This 
diagram shows that, with sample size 
constant, the error limit decreases as p 
becomes smaller. 

In applying the criterion of a constant 
n to a work-sampling problem, a sample 
size might be selected which provides the 
desired absolute accuracy at a 
value of p. The result is a “sliding scale” 
of absolute accuracy for other values of 
p, with the probable absolute error limit 
decreasing as p) becomes smaller and in- 
creasing as p’ hecomes larger. While 
there is no statistical justification for the 
scale of accuracy with different values of 
p thus obtained, the procedure gives rela- 
tively yreate accuracy with 
<mall values of and represents a com- 
promise between the criteria of constant 
absolute error and constant relative er- 
ror. The specification of a constant n has 
the virtue of simplicity from the stand- 
point of the observer, and it would pro- 
vide a firm and easily understood basis 
for agreement in labor-management ne 
yotiations. 

An alternative application of Figure 4 
would be to use it as a guide to the re- 
quired sample size, given a predetermined 
absolute error limit, ©. By 
sampling and computation of p’, one could 
yradually approach the value of n con. 
sistent with the observed p’ and assigned 


selected 


absolute 


successive 


value of ©. 


Summary and Conclusions 

In this and a preceding paper (1) nu- 
merous applications for the work-sam- 
pling method are described, and its use 
in measuring unit production and element 
times and in studies of team operations 
is illustrated. While the illustrations are 
drawn from studies of operations per- 
formed in packing and shipping agricul- 
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| 
Figure 4. The effect of sample size ail 
sample proportion on probable error limi | 
in sample proportion. (Probability, « -| 
0.95.) 


tural products, the methods of data eo. 
lection and analysis presented should 
applicable lo many industrial problems, 

An observation technique based on sy. 
tematic and continuous sampling is de. 
scribed. With qualifications appropriay 
to a particular sampling problem, thi 
method may frequently useful a). 
ternative to a procedure of strictly rap. 
dom sampling. In fact, many situation 
may permit a much more rapid accumula 
tion of observations with a sVvstemat) 
sampling procedure than would be pps. 


be a 


sible with random sampling. Thus, syste 
matic sampling might result in improve 
yreater economy. In 
studies a sampling design involving some 
kind of stratification or correlation frame 
work may be desirable. 
Guides to the analysis of 


work-sam- 


hi hart is on he rial di ribut) f 
In the ranvwe where op > use of the Potssor 
bingominal «distribution would vield apprecial 
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The Functions of Industrial and Management Engineering 
—A Wynamic Approach to Their Definition 


By Kurt H. Schaffir 


Senior Cost Analyst, MERCK & CO., Inc., Rahway, N. J. 


The repeated and continuing efforts 


n the current literature to define and 
jelineate the area of industrial and 
management engineering attest to the 


jifficulty of characterizing and differen- 
jating this field with respect to other 
branches of engineering and to othe! 
sreas Of applied science not commonly 
gssociated with engineering. 

The process of definition in general 
< composed of two steps-—a statement 
regarding the category of things of 
which the subject is one, and the mannet 
» which it is different, from other sub- 
ets in this category. It is generally 
agreed that industrial engineering Is an 
applied science. It is its differentiation 
which problem. (See bib- 
jography below) 


presents a 


Areas of applied science may be dif- 
ferentiated with respect to the areas of 
nvestigation cove red. But it tis clear thai 
this is not 
dustrial enginee! 


possible here, since the in 
shares the area of in 


dustrial operations with all other phy- 
jcal sciences, and has found it neces- 
ary in his work to draw extensively 


the techniques of the social sciences 
as well. Furthermore, the area of appl 
of industrial engineering has 
much more than in 


ation 
ome to encompass 
dustrial operations. 
Most current efforts of definition 
have therefore aimed at differentiation 
along functional lines. On this basis, 
the industrial engineer may be said to 
% concerned with the analysis of a pro- 
nosed product or service with regard lo 


Selectronm «of methenis 


Sequence of operations, 


Layout of plant for mest favorable flew, 
Contre! «of 


ete 


Later and personnel relations, ete 


Here, apain, however, it becomes ev! 
lent that none of these functions are 
essentially unique to industrial enginee! 
ng. Furthermore, they fail to provide 
an underlying rationale on the basis of 
which it would be possible to establish 


riteria for what is and what ts not 
ndustrial engineering. better ap- 
proach to this problem presents itself 


through a study of the evolution of 1In- 
dustrial engineering functions. 

Part of the answer may be found in 
the concept of industrial engineering as 
‘supplementary to the traditional branches 
of engineering; arising from the recog- 
nition that technological knowledge pro- 
vides only a partial solution to prob- 
ems of production operations. The fol- 
owing will deal with the development 
of the functions of industrial and man, 
agement enyvineering based on this con- 
rept. 
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The Core of Scientific Management 
From the historical peint of view, 
the traditional activities of the indus- 
trial engineer are those concerned with 
the physical relationships of men, ma- 
chines, and materials at the work place 
study), spacial inte- 
gyration of unit operations in the pro- 
duction sequence (materials handling 
plant layout) and the timing of 
(production planning). 


(fime and motion 


and 
operations 

The pursuit of these problems pointed 
up the need for greater knowledge and 
control of abilities and characteristics 
of the individual worker in relation to 
job requirements. This led to the develop- 
ment of joh evaluation, worker selection 
methods, and motivation 
techniques (wage and incentive systems), 


and tramiung 


which form the basis of what is now 
referred to in general terms as per- 
sonnel relations. 

The emergence of unionism and col- 


lective bargaining stimulated efforts in 
work measurement relative to establish- 
ment of equitable methods of compen- 
sation, associating industrial engineer- 
ing more closely with labor relations 
in attempting to determine “a fair day’s 
work for a fair day’s pay.” 


Further Applications 


The applicability of industrial engi- 
neering methods to other areas soon be- 
came evident. From the factory floor, 
the industrial engineer moved into the 
office, devising methods, systems, and 
procedures for the expeditious handling 
of clerical work. Engineering, account- 
ing, distribution, procurement, etec., ben- 
efited from the use of these techniques. 

Application to non-industrial activi- 


ties, such as administration and opera- 
tion of hospitals, transportation § sys- 
tems, governmental organizations, etc., 


have gradually materialized. A further 
step led to the analysis and design of 
tools and appftiances in the home, and of 
«special devices for the physically handi- 
capped. The benefits to be derived from 
improved utilization of human and ma- 
terial resources in these areas are only 
beginning to be realized. 


l’ersonnel and Industrial Relations 


The growing importance of personnel 
relations led to its establishment as a 
full‘fledged , and independent manage- 
ment function, concerned with all prob- 
lems related to the employment of peo- 
ple, their compensation (both direct and 
indirect) and the relationship of the 
worker and his community to the em- 
ployer. 

jorn of the union of engineering and 
psychology, personnel relations gave rise 
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to further developments in safety engi- 
neering and industrial health. While de- 
pendent in its development on the efforts 
of workers in numerous different fields 
of study, it continues to afford a broad 
field for the application of industrial 
engineering principles and methods. 


Organization 


Because of the obvious inadequacy of 
our understanding of the processes of 
motivation and friction in work-groups, 
interest has focused increasingly on the 
nature of such groups and human as- 
sociations in general. In his attempts 
to find answers to problems in this cate- 
gory, the industrial engineer has turned 
to the study of organization (group 
structure) and group dynamics, solicit- 
ing the help of sociology, social psycho- 
logy, and anthropology; and to inves- 
tigations of communications processes. 
Organization today has emerged as a 
formalized management function, em- 
bracing organization planning and execu- 
tive development. 


Prediction and Control 


The increasing complexity of indus- 
trial operations brought with it the de- 
mand for greater predictability and con- 
trol of product and operations. Statisti- 
cal techniques, particularly as applied 
to quality control, provided an answer 
and were added to the industrial engi- 
neer’s tool kit. This constituted the first 
major step in the continuing utilization 
of mathematical concepts of some com- 
plexity in the solution of every-day 
operating problems. Stimulated by spe- 
cialized military needs during World 
War Il, this general area of applied 
mathematics is recognized today under 
the name of operations research. Based 
largely on the concept of the “task-force” 
approach to problem solution where only 
the combined knowledge of a team of 
specialists in diverse fields can produce 
the answer, it has found successful ap- 
plication in market research, distribu- 
tion, production control, purchasing, and 
various other areas of industrial opera- 
tions. 

The need for control—meaning effec- 
tive action based on evaluation of on-go- 
ing operations relative to a_ specified 
standard of performance—resulted in 
development of distinctive techniques 
for various administrative functions, 
such as production control, cost control, 
inventory control, budgetary control, 
ete. Current efforts are aimed at formu; 
lation of a methodology of management 
control for over-all planning and evalua- 
tion of performance. While most of these 
problems have long been the concern of 
the accountant, industrial engineering 


| 
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has contributed much to the refinement 
of the methodology of their solution. 


Industrial Economics 


As a result of the introduction of new 


functions in management activities and 
the expansion of existing functions, the 
number of employees engaged in admini- 
strative work is constantly increasing in 
relation to the number of production 
workers. This rise of administrative 
overhead has focused increasing interest 


or fields of study concerned with the 
growth of fixed charges. Through  labo- 
ration of the concepts of the break- 


even point, budgetary control and stan- 
dard costs, the industrial engineer has 
augmented the work of the cost account- 
ant and economist in the field of twdis- 
cconomics. 

Currently, efforts in this area are 
aimed at uncovering the mechanisms 
which determine selection of alternate 
production methods and their relation 
to productivity (theory of production 
decisioning, input-output analysis, etc.). 
Here, again, advanced mathematical 
methods find increased application 
(linear programming, econometrics). 


Management Science 

Perhaps the most important trend in 
the evolution of industrial engineering 
functions, somewhat in contrast to the 
above-described expansion into various 
specialized fields related to the pro- 
duction process, has been the continuing 
effort to int erat’: the fragments of 
knowledge accumulating in these various 
fields into a cohesive conce ptual frame- 
work from the over-all viewpvint of 
management, 

Recognition of. the 
scientific method in practically every 
form of human enterprise has led to 
the gradual extension of industrial en- 
gineering into management engineering, 
clearly evident in today’s curricula of 
industrial engineering education at the 
graduate level. Through the application 
of the scientific method to the manage- 
ment of human associations, and through 
integration of our knowledge of carry- 
ing out management’s individual fune- 
tions, industrial engineering today is 
actively engaged in the establishment of 
a Science of Management. 

The above described evolution of new 
and expanded functions in industrial en- 
gineering is characteristic of a current 
trend in the development of science 
namely the increasing interdependence 
of different disciplines in their common 
efforts to deal effectively with the com- 
plexities of modern society and techno- 
logy. The boundaries between such fields 
as economics, business administration, in- 
dustrial engineering, social science. etc.. 
are fading (if indeed they were ever 
clearly defined), just as they are be- 
tween physics, chemistry, biology, and 
so forth. 

A Broad Definition 

Broadly speaking, industrial engineer- 

ing is concerned with the analysis of th: 


validity of the 


14 


fe rials, machine fhods. and 
fion, and the effective atilization of thes 
elements of production in time and Space, 
\s currently practiced, its functions may 
he categorized in brief as: 
Wor! 
\nalysis of 
Matching of 
Compensation 
» Organization 
and 


Measurement Mert hands. 
work flow 
Woorke rs 


Systems 


ane 


and” Communication 


Prediction Control 


Specifically, this covers such fields as: 
1. Time and study, methods, 
systems, and procedures, standard- 


motion 


ization, ete. 

2. Layout and = materials 
production planning, ete. 

5. Job evaluation, selection, training. 
evaluation, compensation, ete. 

1. Wage and salary administration, 
design of incentives, ete. 

» Organization planning, executive 
development, communications, ete. 

6. Forecasting, market research, qual- 
itv. production, inventory, 
budgetary and other management 
controls, 

Break-even analysis, 


handling, 


sales, 


Input-output 
analysis, 

This list is not intended to be exhaus- 
tive. The concept of industrial engineer- 


ing has been continuou-ly ‘broadening. 
The definition of industrial engineering 
as an applied science, supplementary 


to and integrative with respect to othe 
branches of science related to the man- 
agement of human associations, must of 
necessity be dynamic in nature. It must 
keep pace with our growing understand- 
ing of social and technological processes, 
continuously alert to new techniques on 


one hand, and new applications on the 
other, 
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JOB EVALUATION— | 
(Continued from Page &) | 
and desired result; however in a fey 
CaSCS 


some degree of success Was 
tained. | 

Present day collective bargaining » | 
some extent has had a stabilizing effe | 


on rate structures, so that the num, 
of organizations which consider their in 
centive programs suecessful has 
creased. Yet the pont Which still 

frequently overlooked is: an incentiy,. 


program alone, no matter how carefy) 

installed and administered, will ney. 
develop and maintain the full productiy: | 
potential of the work force. A Waye }y 

centive plan is not a “gimmick” te 4 
applied singly (and hopefully): rathe 
the whole payment plan must b | 
carefully designed and engineered so @ | 
to have a firm footing for incentive pay. | 
ment. The foundation on which to builg 
a successful program of wage incentive 
is a defensible structure of relatiyi 

and equitable pricing of the jobs, brough 
about by sound job evaluation, 
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Formulating A ‘Theory Of Work Methods 


he orthodox point of view regarding 
standardizing work methods originated 
o the writings of F. W. Taylor. This 
soint of View postulates that there exists 
s unique maximal method of performing 
an industrial operation in which one must 
eliminate all false movements, slow 
movements and useless movements (and) 

collect into one series the quickest 


the “One Best Way” Approach 
T 


ond best movements as well as the best 
mplement 

This point of view was later adopted 
B. Gilbreth aus a base for develop- 
ng the field of motion study and methods 
analysis. As it was for Taylor, Gilbreth’s 
bijective Was to develop a “one best way” 
f performing an industrial operation. - 
\lthough the and analytic 
procedures have undergone considerable 
refinement, the “one best way” is also the 


observation 


orimary objective of contemporary prac- 
‘itioners in this field. The “one best way” 
‘ usually described as the most econom! 
al way of performing an operation in 
verms of the number and the type of mo- 
con 


tions required. In practice, ts 


idered to be the method involving the 
fastest time consistent With the results 
achieved by skilled workers, using a 


superior sequence of motions from which 


all unproductive movements are elim 
ated. 

In evaluating the results 
tudy, liberal use is made of the rules of 
motion economy,” largely developed 


vy Gilbreth. Twenty-two rules are usually 


of a motion 


onsidered and they fall into three 
groups . 
(1) those relating to the use of the 


human body; 
(2) those relating to the werk place; 
those relating to the 
tools and equipment. 
1 typical example ts the 
‘hat bods motions should be confined to 
the lowest classification, 
assumption that this will automat.- 
ally reduce the time and effort required. 
\ccording to this for 
ample, a motion performed by the wrist 


desiyn of 
statement 


and fingers would be changed to a simple 
Inger motion Whenever possible 
Although not the primary 
‘his paper, the standard-data concept se 
Widely popular in current work measure- 
ment practice should also be summarized 
netly. This concept was also originally 
developed by Taylor 


subject of 


who proposed that 


ume records obtained for rou of 
elementary movements.' Then when the 
proper series of motions for a given 


peration has been determined, the time 
data for the movements involved would 
% added to find the proper time for per- 
forming that operation, 

As this proposal sugyests, the standard- 
data concept ix based on the prior ae- 
tptance of the “one best way” concept; 
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it essentially extends the latter to the 
area of time measurement. Consequently, 
the validity of these two concepts can 
be determined simultaneously in terms 
of their common assumptions. Since 
many of these assumptions can be tested 
most conveniently in terms of a time 
parameter, the “one best way” concept 
can be evaluated implicitly during an 
evaluation of the standard-data concept.° 

The most important common assump- 
tions of the two concepts are that: 

(1) a descriptive definition of motions 
(and of groups of motions) is 
sufficient to identify them unique- 
ly; 
only a limited number of so-called 
fundamental motions exist; 
these motions are independent of 
one another, and of the operation 
cycle in which they are used; 
the properties of these motions 
including the time required to per- 
form them, are essentially constant 
and, hence, independent of the 
worker: 
the “one best way” should be free 
of any unproductive motions; 
the “one best way” (and the time 
values involved) can be abstracted 
largely on a subjective basis by 
the observer using an extremely 
limited number of observations on 
arbitrarily selected workers. 


Critical Views 

best way” approach can 
be challenged even on an 
Thus, a “best” method 
from a psychological standpoint would 
not necessarily be the best from a tech- 
nical standpoint. To express this in more 
«pecific terms, it is impossible to find 
a unique solution of a work methods 
problem that is a maximum simultan- 
cously with respect to all the independent 
variables. Obtaining a maximum with 
respect to a single independent variable 
invariably means accepting less than a 
maximum with respect to other independ- 
ent variables. What can be obtained is 
a restricted maximum or an optimal solu- 
tion, subject to the requirements imposed 
by jointly considering all the independent 
involved. The result is, then, 
“one best way” concept is €s- 


The “one 
successfully 


‘i basis. 


variables 
that the 


sentially a formal conception defining 
an abstract situation under idealized 
conditions. 

Essentially the same conclusion has 


been reached by numerous critical stu- 
dents on the basis of empirical observa- 
tion. More than two decades ago, for ex- 
ample, E. Farmer pointed out that the 
motion patterns of different workers dif- 
fer substantially, even among workers 
in the same skill class.“ This finding, 
among others, prompted Farmer to make 
the following comment: “it seems highly 
doubtful whether various movements, 
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taken from different groups of move- 
ments, merely on account of their taking 
a shorter time to perform than similar 
movements in other groups, can be com- 
bined into an independent group which 
would yield results as satisfactory as the 
original groups.” 

The same viewpoint is taken by more 
recent observers such as A. B. Brown, 
who finds that the “one best way” is an 
illusion because workers have different 
abilities and needs.* E. E. Ghiselli and 
C. W. Brown likewise criticize the “one 
best way” approach on the ground that 
a given method may be optimal for most 
workers, but not best for all workers. * 

J. Gillespie also denounces the “one 
best way” concept. * Thus, he “denies 
that a real motion pattern is equivalent 
to a motion pattern built up of bits of 
motion.” The whole approach, he adds, 
“is ridiculously inaccurate, dangerous in 
application, ignores work psychology and 
is bad physiology.” 

H. Davidson makes some cogent re- 
marks on the subject as part of an inci- 
sive survey of the entire field of work 
measurement.'” He says that “con- 
struction of theoretical motion patterns 
may be an interesting activity, even 
though there may be no living human 
who is physiologically or anatomically 
capable of performing the particular 
series.” On the basis of certain experi- 
ments on relatively simple tasks, he adds 
that movements are not independent but 
are related to other movements which 
precede or follow them. 

The Role of Purposive Human Behavior 

As this critical material suggests, the 
problem in work measurement and, more 
specifically, work methods are compli- 
cated by the presence of a crucial non- 
physical component. This component is 
purposive human behavior which cannot 
readily be described by deterministic or 
even statistical laws and which is dis- 
tinguished by the fact that it involves 
planning and organization. It is unique 
to the individual who adjusts his behavior 
in an essentially non-random manner to 
fit his capabilities, needs, and purposes 
according to past experience and in an- 
ticipation of future events. 

In a sense, this behavior is analagous 
to that of a mechanical feedback system 
in which current performance is also 
modified in terms of past events. How- 
ever, this analogy cannot be carried too 
far. All non-human feedback mechanisms 
thus far developed have built-in restric- 
tions on their behavior, one of the most 
important of which is that it is well de- 
fined in a statistical sense. In particular, 
the behavior of such systems can be pre- 
dicted within a limited range, and any 
departure from expected behavior can 
be classified as a random departure. 

On the other hand, human purposive 
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behavior cannot be characterized in such 
a simple manner. Thus, a worker’s be- 
havior may be the product of a large 
number of conflicting, complementary, 
and interacting purposes, when he act» 
variously as an individual, as a member 
of a trade union, as a member of an in- 
formal “work team,” and so forth. More- 
over, the presence and relative import- 
ance of any one of these purposes does 
not lead to a fixed or even a precisely 
predictable component of his behavior. 
Rather, they are continually shifting in 
importance and emphasis according to 
the immediate situation. This situation is 
the result of similar purposive behavior 
on the part of other members of the 
industrial society as well as his own 
previous behavior. 

Describing the implications of this be- 
havior with respect to work methods is 
one of the major objectives of his paper. 
The experimental findings involved have 
been abstracted from detailed studies de- 
scribed in Work Measurement: New 
Principles and Procedures. 

Overall Attitudes and Behavior 

A central finding of these studies was 
that the formal as well as the informal 
attitudes and behavior of workers has a 
decisive but non-constant effect on their 
performance at the workplace. A_ par- 
ticularly significant component is the 
formal and informal bargaining § atti- 
tudes and behavior associated with pro- 
duction-rate problems. This bargaining 
component is largely the result of the 
usual intimate relation that currently 
exists between wage payment and pro- 
duction rates. 

This, leads in turn, to a fairly large 
number of associated attitudes and be- 
havior, two of the more important being: 

(1) The conscious and or unconscious 
tendency of workers to give biased 
performances before and during 
the observation process as a pur- 
posive reaction to the potential 
effec’ of this process on their vo- 
cational welfare. 

(2) The almost universal regulation of 
output by workers and worker 
groups after the process of obser- 
vation. This is a stronger and per- 
manent purposive reaction to the 
process of observation and its ul- 
timate potential effect on. their 
vocational welfare. Regulation of 
output, moreover, depends in type 
and in degree on the individual 
worker and varies according to 
age, sex, political background, and 
so forth. The result is that there 
exists a set of purposive variables 
which are essentially fixed for a 
given worker, but which vary from 
group to group and factory to 
factory. 

More Specific Effects 

At the operation unit or cycle level, 
it was found that purposive behavior 
exhibits itself in terms of (usually) posi- 
tive correlations between the time values 
of successive cycles and groups of cycles. 
The nature and the degree of these cor- 
relations depend on the performance 
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characteristics of the individual worker 
and often vary for the same worker un- 
der different circumstances. 

These results can readily be shown to 
lhe the statistical reflection of the way 
in which individual workers plan, organ- 
ize, and regulate output at the cycle level 
to meet their financial and other ex- 
ternal needs and to fit their capabilities. 
As a simple example of why correlations 
arise, workers frequently accelerate their 
production pace when they fall behind 
their quotas and reduce their pace when 
they are ahead of the quotas. These 
quotas, it might be added, are usually 
self-imposed within the restrictions es- 
tablished informally by the worker group. 

At the element level, where relatively 
large cycle subdivisions are considered, 
significant correlations again were al- 
most always found to exist. These cor- 
relations showed that the elements in an 
operation cycle are not independent en- 
tities but are connected by a highly com- 
plicated network of relationships. These 
relationships are unique to individual 
workers and may vary for the same 
worker under different operating situa- 
tions. 

Thus, these correlations are the statis- 
tical reflection of the method and pace 
with which a worker will produce each 
item, and arise because the worker or- 
yanizes his performance characteristics 
into an integrated pattern. The primary 
factors involved are again the worker's 
abilities and needs but with a change in 
emphasis from financial and other ex- 
ternal needs to more subtle physiological 
needs, 

Some of the specific ways that plan- 
ning and organization take place are: 

(1) a prolonged delay in one part of 
the cycle prompts the worker to 
exceed his usual pace in a later 
part of the ecvele: 

(2) Workers differ in the number, the 
type, and the duration of delays 
encountered: 

(3) workers vary the way they per- 
form certain elements: 

(4) many workers introduce extra- 
neous elements into their work 
methods from time to time. 

In almost all cases, the specific nature of 
these performance characteristics is uni- 
que to the individual worker. 

These findings were confirmed by a 
series of studies comparing the element 
structures of workers on the same opera- 
tion. It was found that the average time 
values for the elements were never (sta- 
tistically) equivalent for two or more 
operators. Also, the consistency with 
Which these elements were performed 
were only occasionally equivalent. Essen- 
tially the same conclusions were reached 
with respect to element groups, which 
were made up of groups of elements in 
such a way as to produce the mutual in- 
dependence necessary to permit them to 
be considered individually. 

In fact, grouping elements in this 
manner makes it almost impossible to 
find subdivisions in the element. struc- 
tures of two or more operations which 
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are even descriptively comparable. Thus 
operation elements are organized 
uniquely by individual workers that ths 
grouping process practically destroys the 
possibility of finding the same subdiy 
sions for other workers, let alone {,, 
other operations. 

A parallel set of studies was made » 
the so-called fundamental motions in. 
volved in certain laboratory and factory | 
operations. These studies showed tha: 
the motions in an operation are also a 
nected by a highly complicated networ | 
of relationships unique to the individys 
worker. In fact, the motion structure ; 
even more closely related to the works 
than is the element structure, with th 
pattern of relationships among motion 
often changing after a short time eye 
for the same worker. 


When the motions were combined inp 
motion groups, the results were simile 
to those observed at the clement level 
Most of the motion groups that wer 
developed did have the property of jp. 
dependence necessary to consider ther 
in an additive manner. However. thee 
yroups are so unique to the individual | 
worker that they can rarely be founé 
in the motion structure of any othe 
operator, let alone of any othe: operatio: 


It was also observed that each worker’ 
motion (and element) structure can b 
broken down into two distinct COMpo- 
nents. The first can be defined as the e. 
pected, relatively constant, and usual me 
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Proceedings, Seminar sponsored by Railway 

Systems and Procedures Association, techni-| 
cal assistance from Operations Research Of- 


tice, The Johns Hopkins University. 


Scientists, Industrial Engineers, Railroad Ex. 


ecutives tell about the application of Opera: | 


tions Research and Industrial Engineering 


techniques to the military, transportation and | 


manufacturing. Includes many case studies. 


Papers presented on inspection operations, 
overall company planning, information hond- 
ling, rail-truck co-ordination and other busi 
ness problems. Learn how to select and trom | 
an Operations Research group. One Executive | 
remarked “If this is Operations Research, | 
am all for it.” Another said that analysis of 
operations in the next ten years would save | | 
more for Railroads than has the diesel. Illus 
trated, 131 pages. $4.50. Railway Systems ond 
Procedures Association, P.O. Box 514, New 
York 8, N.Y. 
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‘ion pattern, including a set of relatively 
fixed relationships among the motions. 
When a special situation arises, however, 
ych as difficulty in engaging moving 
motion 


sarts, the worker uses another 

vattern. This can be defined as the un- 
xpected, varying and occasional motion 


sattern, In which the relationship among 
‘he motions is also changed. The nature 
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af the occasional motion pattern depends 
on the nature of the situation encount- 
red and on the worker's adjustment to 


Studies were also made a the cycle, 
element, and motion levels oft the average 
serformance times and their degree of 
onsistency. At the cycle level, workers 
on the same operation were found to 
have widely different mean times, which 
an be attributed to their different abili- 
‘ies, needs, and purposes. At the same 
wvel. however, these workers were found 
» have approximately the same degree 
f consistency. This can be attributed to 
‘heir common use of work methods with 
imilar gross characteristics. Additional 
support for this hypothesis ix the fact 
that inexperienced workers reached the 
onsistency of performance of exper- 
enced workers well before they reached 
the mean level of experienced workers. 

At the element level, workers 
found to differ not only with regard to 
mean times but also with regard to con- 


were 


Jjstency in many cases. Thus, the simi- 
arity of their work methods did not 
extend to clements. Differences among 


workers were found to be even more pro- 
sounced at the relatively minute nfotion 
evel with both mean times 
and consistency. 


respect te 


Implications Regarding Element and 
Motion Definitions 
These findings have fundamental and 
far-reaching implications regarding 
tandard-data theery and practice; these 
are described in detail elsewhere. '- They 
nave equally Important Implications re- 
garding the theory and practice of work 
methods. In using the time 
narameter as a measurement base re- 
vealed certain fundamental facts 
probably could not have beeverny discovered 
w qualitative empirical observation 


particular, 


which 


alone. 
The first major implication is that de- 


«criptive definitions are reat sufficient 


to describe clements adequately. In the 
motion case, the definitions are even 
more inadequate largely because of the 


widespread belief that there exists only 
4a limited number of so-called funda 
mental motions. As the eVi- 
dence shows, a_ limited 
“<riptive definitions cannot possibly 
ompass all the motions eneountered in 
ndustrial Elton Mayo puts 
the matter well in a discussion of indus- 
trial fatigue.'" “It is too fatally easy,” 
hn siys, “to conclude that we 
nave a word (‘fatigue’ in his case) there 
must be a simple thing or fact that cor- 
esponds with 


preceding 
number of de 


opel ations. 


because 


This situation has been recognized to 
limited extent by certain writers. Thus, 
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Gillespie suggests that the ordinary de- 
finitions be expanded so that the path, 
directign and extent of motions be re- 
corded, as well as the distance and body 
posture used. '' Fairchild also found the 
usual motion descriptions inadequate for 
analyzing certain light machine-shop op- 
erations requiring great skill. '*° This 
prompted her to develop a set of “skill- 
factors,” such as sensitive eyes, and so 
forth, to supplement the ugual motion 
definitions in connection with these op- 
crations, 

Although they make the motion de- 
scriptions more nearly definitive, the 
classifications recommended by these 
writers are far from exhaustive. As in- 
dicated above, the motion patterns of 
workers will differ in an almost infinite 
number of ways. This means that the 
process of descriptive definition would 
have to be extended indefinitely to cover 
all the motion variations existing in in- 
dustrial work. 

No matter how carefully made, then, 
a descriptive definition will never be 
completely satisfactory. To identify a 
motion sharply and uniquely, it is also 
necessary to state its chief statistical 
properties, such as its mean value and 
the standard deviation value. 


Other Implications Regarding 
“The One Best Way” Concept 

The experimental findings presented 
above also make clear that movements 
are not independent of one another nor 
of the sequence in which they are found. 
Ilence, rearranging motions or elements, 
according to the “one best way” ap- 
proach, will produce an entirely new mo- 
tion or element structure with totally 
changed properties. It is also clear from 
these findings that the properties of 
clements and motions are not essentially 
constant among workers or even for the 
same worker. 

The “one best way” assumption that 
motions and elements are independent 
and have essentially constant properties 
ix needed to justify the further assump- 
tion that “the one best way” should be 
free of unproductive movements. How- 
ever, it has conclusively been shown that 
there is a vital interdependence among 
motions and elements which is unique to 
individual workers. Consequently, the lat- 
ter assumption cannot be valid and it 
follows that a work method devoid of all 
unproductive movements Is not necessary- 
ily superior to one with some unproduc- 
tive movements. Thus, the interposition 
of a pause, say, between certain element 
groups might help achieve a balance and 
a stability of the element structure and, 
hence, serve a subtle but significant pro- 
ductive function. 

The experimental findings summarized 
provide considerable direct evi- 
dence bearing on this subject. To review 
just one, workers exhibit an unexpected, 
varying, and occasional motion pattern 
to cope with special situations. For ex- 
ample, a worker finding difficulty with 
a partially-completed assembly might dis- 
assemble it and make a fresh start so 
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as to avoid the difficulty. The disas- 
sembly is an unproductive element in the 
“one best way” framework but it is 
clearly productive in the sense that it 
permits an easier and/or faster assembly 
under the given conditions. 

The experimental findings also makes 
clear that it will be impossible to ab- 
stract a “one best way” or even an op- 
timal work method on the basis of an ex- 
tremely limited number of observations 
and on arbitrarily selected workers. This 
procedure docs not reveal nor does it take 
into account the variability of capacities, 
needs, and purposes of different workers 
and how it affects their work methods 
and their production performance. Also, 
the observation process makes substan- 
tial use of the observer’s subjective judg- 
ment and, more generally meets the rules 
of scientific inference in no important 
detail. 

This is additional and confirmatory 
evidence that the “one best way” concept 
has at best only a gross and superficial 
relation to actual work methods. It is 
actually little more than an arbitrary and 
simple-minded postulate of work meth- 
ods: it expresses a generalized value 
judgment regarding how work should be 
done if work methods were actually made 
up fixed, immutable, and universal sub- 
divisions with fixed and immutable prop- 
erties, 

The Framework of a Theory 

It has clearly been established that 
purposive human attitudes and behavior 
critically affect work methods and ef- 
fectively destroy any possibility of realiz- 
ing a “one best way” except in a superfi- 
cial and gross sense. This effect could 
be minimized only if workers could be 
prevented from planning and organizing 
their work activities so as to optimize 
their results in terms of their capabili- 
ties, needs, and purposes. Assuming this 
were possible, independent elements and 
motions with essentially fixed properties 
could then be obtained to make “the one 
best way” (and standard-data) concepts 
realizable. But this result would be 
gained only at the expense of reducing 
the worker to a non-purposive being, at 
least at the work place. 

It turns out that this is not only so- 
cially undesirable; it is also technologi- 
cally undesirable. Sufficient evidence of 
this is given by the production line of the 
automatic factory where human workers 
are replaced by mechanical workers. 
Here, the designers of the mechanical 
workers found it necessary to introduce 
purposiveness into their behavior in 
order to be able to run such a factory 
at all. In fact, the only technical barrier 
to complete mechanization in many in- 
dustries is the inability to reproduce the 
purposive human behavior sufficiently 
well to remove human workers from the 
production line. 

This analogy suggests that human 
purposive behavior at the workplace is 
likewise necessary for effective work 
performance. What is needed, then, is to 
bring the worker and his task into an 
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optimal relationship in 
vantage is taken of his ability to plan 
and organize his activities. The problem, 
then, is to optimize production effective- 
ness, i. e., to obtain the maximum possible 
amount of production output under the 
restriction that the workers’ vocational 
and social welfare not be impaired. To 
achieve this, it will be necessary to per- 
mit workers some latitude in exercising 
their purposive abilities. The methods 
engineer’s function, then,,is to set broad 
boundaries on the workers’ activities 
rather than to specify them in micro- 
scopic detail. An immediate consequence 
of this is that much more attention 
should be paid to what the workers bring 
to the work place in terms of abilities, 
needs, and purposes. 

To formulate the framework of a 
theory of work methods at the intra- 
cycle level, it is quite useful to examine 
some results of experimental work at 
the inter-cycle level. In particular, con- 
siderable experimental work has been 
done on the effect of varying work activ- 
ities on a regular basis. '" In essence, 
this work indicates that, within broad 
limits, changes in task, rest periods, and 
breaking the work load down into small 
self-contained lots relieve the workers 
from the undesirable physiological, psy- 
chological and other consequences of uni- 
formity of task, in part because it gives 
him a periodic sense of accomplishment. 
These devices have also led to a fre- 
quently substantial increase in produc- 
tion output, at no apparent cost in terms 
of the worker’s welfare. 

In a vital sense, these three varieties 
of changing the task correspond to cer- 
tain intra-cycle phenomena reported here. 
In the latter case, the changes of task 
become changes in work methods; rest 
periods become the deliberate employ- 
ment of pauses and delays; and the sma!l 
lots become the element (or motion) 
groups. It seems reasonable, then, that 
workers adopt these devices in part to 
relieve themselves of the consequences 
of uniformity in work. More than that, 
these devices enable the worker to fit 
his capabilities, needs, and purposes to 
the requirements of the task. Thus, rather 
than being unproductive, pauses, changes 
in work method, and so forth may act- 
ually be required by the worker to per- 
form in a manner that he finds optimal. 

Since these worker devices with re- 
gard to intra-cyclé work methods are 
parallel to the changes of task and rest 
pauses at the inter-cycle level, it is 
reasonable to suppose that they may vield 
the same beneficial results, if properly 
controlled. Under this hypothesis, it fol- 
lows that workers may produce more in 
the long run by using certain extraneous 
motions and elements than by attempting 
to adhere to a method in which such ele- 
ments and motions are eliminated. 

It would seem advantageous, therefore. 
to introduce certain extraneous motions 
and elements into the systematic work 
method adopted for an operation. This 
would require specific studies to deter- 
mine which extraneous elements and mo- 


which full ad- 
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tions, including delays, are used in spe- 
cific types of operations, in particular 
thos: which increase productive effective- 
ness, e.g., by increasing output or by sim- 
plifying the worker’s task. To repeat an 
example given above,. an_ intentional 
pause, might be introduced between two 
element groups in order to obtain a bal- 
anced and stable relationship among the 
element groups. 

In addition, specific studies should be 
made at the local plant and industry level 
on how motions and elements might be 
combined into interrelated groups in such 
a Way as to lead to greater production ef- 
fectiveness. The combination of motion 
groups and element groups, like those 
considered in this paper, which have a 
functional unity would be an important 
component of this process. Thus, it might 
be discovered that the first three ele- 
ments, the second two elements, and the 
last three elements of an ecight-element 
operation grouped as indicated might 
result in an optimal production effective- 
ness for most workers assigned to that 
operation. In this connection, it might be 
mentioned that the most productive work- 
ers observed in the studies summarized 
above invariably organized their ele- 
ments and motions into unique groupings 
within which there was a high degree of 
correlation. 

The experimental findings also indi- 
cate that it might be well to incorporate 
two components into the systematic work 
method adopted: (1) the basic method, 
including certain stipulated relationships 
and groupings as well as interposed “ex- 
traneous” motions and elements, for the 
typical and expected work situation, (2) 
the supplementary method intended for 
special situations arising unexpectedly 
and occasionally. It is worth repeating 
that the methods engineer's function is 
to set up boundary conditions rather than 
to specify either the basic or the supple- 
mentary method in detail. In particular, 
he should guide the worker's purposive 
behavior so that, say, ob: lously poor 
work methods are ecliminated. He should 
otherwise give the worker the opportu- 
nity to plan his activities in a manner 
optimal to him. 

The most important and the most for- 
midable problem, then, is that of for- 
mulating criteria for deciding how much 
of the work method shall be standardized 
and how much should be left to the 
worker's discretion and choice. These op- 
timization criteria, it should be noted, 
will depend on the peculiar character- 
istics and requirements of the individual! 
plant, its working force, and its manage- 
ment. 

Such criteria might well be developed 
using a methodological approach sug- 
gested by statistical quality control the- 
ory; this has successfully been applied to 
the problem of determining when an op- 
eration can be standardized 
at the cycle level. '* An extension of the 
same approach to the intra-cycle work 
methods problem should be equally fruit- 
ful, using as a base the suggestive hypo- 
thesis that consistency of performance ts 
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more closely related to work method 
than is level of performance. 

It must not be expected, however, thy 
a theory of factual generalizations car 


he developed for work methods 


same sense, as a natural science. 


One of the major difficulties in curres 
work methods (and work measuremen Mé 
practice is that it is erroneously assumed | are 
that such generalizations can be mag attit! 
The result is that generalizations ea ne 1 
been enunciated with little or no empiri. | pring 
cal validity. part 
The experimental findings presente} 
above make it quite clear that a meap.| me™ 
ingful theory of work methods must)! W1 
a procedural theory presenting primarily | with 
a methodological approach. This approace | work 
will show how procedures and criteris } woul 
can be developed to fit local situation: | that 
It cannot give specific procedures ang] prer 
criteria that have universal validity eve, | revis 
for a single industry. xam 
This puts a much greater burden o | !?" 
the individual methods engineer than o lo mi 
say, mechanical engineers, for there wi | | 
be no handbooks in which to find cor. | 4" 
stants and equations. They will have to | 
develop their own handbooks. and enti 
handbooks will contain neither constant: | 
nor equations. It has been the purpos nan) 
ow 
of this paper to present a framework fo | ¢ ) 
the required procedural theory and t | 
indicate the direction along which ¢! 
handbooks might be developed. 
En 
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Many incentive systems plans 
are never fully effective the 
attitude of employees is bad. That is 
ne reason Why the same incentive plan 
rings about great savings in de. 
rartment or plant but fails to accomplish 
inglar results in another depart- 
plant. 


one 


any industrial engineers agree 
contention very little research 
heen done on the problem. It 


vould agnear from some of our findings 


that a oy of attitudes should be a 
orerequisit » to the installation of (or 
revision of) anv incentive plan As an 
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xample, most Incentive plans are based 
non employee 
io not have confidence in the job evalua- 
ron plan they net under 
sand it or they think the plan is unfair, 
they will not have confidence in any in- 
entive plan based upon said job evalua 
‘on. Still our surveys show that far 
nany employees either do net unde 
ow then 
feel the job evaluation ts 


iohb evaluation. If the 


brane do 


tow 


job was evaluated on 


unfair. 
FEAR 


who do not trust thei 


man 
wement will never exceed a certain pro 


Employees 


luctivitvy per man hour because they 
fear the rates or standards will be 
tightened up. Still we all know that 
veople with unusual skills or abilities 
al produc twiee and ometimes three 
times as much as a normal person. I 
ecall in the mid-thirties when | was 


exorbitant production 
plant did 
maximum 


isked to check the 
fone The 
hesitate to 


hie 


produce t 


ecause they had confidence that man- 
wement would not cut their rates. This 
consistently produced fifty pereent 
ore than the next best girls on the 
peration—-and these next best girls were 
‘urning out thirty-three percent more 
than the average = girls. 

He’ motions were so fast, that from a 
top Watch study, we could develop no 
easons ax to how she did so well. Stall, 
(Was very Important to determine the 
eeret of her success; because, if pos 
le. we wanted to teach the othe 
wrators the same skill. That would 
ncrease their carnings and reduce out 


We resorted to A motion 
neture study of these girls and in turn 


analyzed their motions with the projee- 


jents Costs. 


‘tor running very slowly. For the first 
ime it became apparent that the dif- 
ference between the best girl and the 


next hest ones Was in the pickup phase 
evele. Detailed 

ut_the fact that the 
‘Wwisted thumb which 
frasp the particular 
f the time that it 
girls, On the 


tudy then brought 
best girl had a 
enabled her to 
part in a fraction 
took even the next 


basis of this study 
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everyone agreed that the standard for 
the job was satisfactory and that this 
girl’s skill could not be transmitted to 
the other operators—short of breaking 
and twisting a lot of thumbs. 

This story told to point out 
lengths to which a few companies 
vo for the purpose of justifying a 
standard. Observation indicates that 

many companies would have cut 
that standard because of the very high 
earnings of one girl. But in the company 
cited the operators knew that manage- 
ment would not cut their standards. The 
result was that productivity per man- 
hour was extremely high in all depart- 


the 
will 
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too 


ments and production costs were very 
low. How different from many firms 
where we have made surveys. In some 


of them, the lack of confidence in man- 
agement goes back to some management 
decision made many years ago—quite 
often to some prior management group. 
n other this absence of confi- 
dence can be traced to a lack of under- 
<tanding—about the company’s 
tives, plans or policies. 
CONFIDENCE 
(‘ertainly employees must have con- 
fidence in management before any in- 
centive plan will bring about maximum 
results. If you accept this theory, why 
ix it then not best to determine the de- 
gree of confidence in management prior 
to installing revising an incentive 
plan? Not for the purpose of deciding 
whether or not to make the change but 
rather to determine how to develop maxi- 
mum confidence in advance so that the 
possible returns will be had 
investment in the ineentive 


CASCS, 


objec- 


or 


yreatest 
from the 

manny employee opinion surveys we 
ask employees whether or not everyone 


in their department is carrying their 
hare of the work load. In others we 
ask whether or not work is distributed 


fairly among employees. In some depart- 
ments the majority of responses are In 
the affirmative. In others, very few, 
(if any) of the employees believe that 
everyone carries their share of the load 
or that work is distributed fairly. Ob- 
viously a lot of work has to be done in 
these departments before any incen- 
tive systems should applied. Until 
emplovees feel that work loads will be 


he 


fairly uniform they are not apt to do 
their best under any plan. 
SUPERVISION 

Emplovees usually attribute unequal 

work loads to their department head 

or foreman. However, that is not their 

biggest complaint insofar as their boss 

is concerned. They want to know how 


they stand with their boss and most of 
the time this desire not satisfied at 
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all. Quite often, an honest and con- 
structive discussion between a boss and 
an employee will do much to improve 
his production far more than merely 
giving him financial incentive. We can 
all recall many instances where time 
studies have shown that employees have 
only been producing two-thirds of what 
should be normal output per man hour. 
Incentive systems provide these people 
with no more money until they exceed 
the standard. This is a big jump for 
most people and many installations have 
failed because the employees never got 
their hands on enough premium money 
to warrant additional effort- How much 
hetter it would be if the reasons behind 
employees low performance were fer- 
reted out and corrected prior to the 
application of incentives. These reasons 
may be physical (tools, layout, handling, 
jigs, ete.) but they may also be attitudes 
regarding the company or the super- 
visors 

Attitudes and opinions can be changed 
although it is not as easy as improving 
floor layout or a jig. The similarity in 
making the change ends after the first 
step which is to locate the trouble. In 
both cases you have to make a study 
to determine what wrong or what 
needs to be changed. Our business 
that of studying employee opinions to 
determine where they are below stan- 
dard and what can be done to improve 
them. 


Is 


is 


OBJECTIVE 

Our first approach to determine 
what management.is after. Is their ob- 
jective to learn how they can improve 
communications and bring about better 
understanding; how to improve super- 
vision and improve employee relations; 
or to determine what is keeping em- 
ployees from putting forth their best 
efforts? Once we agree upon an objec- 
tive we then submit a proposed set of 
questions which our experience indicates 
will bring forth constructive answers. 
Such questions must be understood by 
the employees in question and for that 
reason we check them carefully against 
readability formulas and minimum vo- 
cabularies. The questions must be re- 
liable so we check them against our relia- 
bility averages to be sure that we ob- 
tain good dispersion of answers. The 
questions are designed to force em- 
ployees to give us a positive or nega- 
tive answer. If this is not done, a ma- 
jority of them (being human) will take 
the easy middle course which is of little 
value. A conference between manage- 
ment and ourselves brings agreement 
as to the questions we are to use. Usual- 
ly these are a modification of those we 
proposed but they still meet our stan- 

(Continued on Page 23) 
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Fitting Curves Data 


By Fred H. Lambrou 


As Industrial Engineers we emphasize 
using the proper tools for the particular 


job, but often do not apply this rule 
when doing our own job. 

In timestudy work we gather data for 
analysis but often extend our judgment 
beyond the limits-that we should. By this 
I do not mean that we can eliminate 
leveling and rating. What I am saying 
is that we can often use statistics to 
show us the risk we are taking and also 
see how reliable our results can be with 
the data we have. 

The word statistics often frightens 
many people into not using them. This 
of course should not be so, because the 
computations are often simpler than 
those which the timestudy man usually 
performs in his daily routine. 

Below I will endeavor to show how a 
timestudy man can check his stand- 
ard data curve using correlation methods. 
The theory will not be discussed here but 
the steps and methods used will be dis- 
cussed and illustrated. 

When the timestudy man is develop- 
ing a standard data curve there are 
usually two variables involved; the inde- 
pendent variable which can be weight, 
length, area, volume, size, or any other 
physical characteristic and the dependent 
rariable which is usually a unit of time 
such as hundredths of a minute. There 
is of course a correlation between the 
dependent and the independent variable, 
and how strong this degree of associa- 
tion is between the two variables is what 
we want to determine. 

Statisticians use the coefficient of cor- 
relation as a measure. This will be de- 
noted by R. When all the points plotted 
are on the curve this is called perfect 
correlation and R will be 1 when there 
is a direct relationship between the 
dependent and the independent variable 
and 1 when there is inverse relation- 
ship. This of course is the ideal condition 
but usually not the case. Since points 
will be scattered on either side of the 
curve we want to determine how close 
we are to perfect correlation. Therefore 
the closer R approaches 1 the better the 
correlation between the two variables. 


Step 1. Plot points on graph (Fig. 1). 
Step 2. 
Step 3. 


Draw in curve (Fig. 2). 
Measure off distances 
points to curve (Fig 3). 
Square distances (See Fig. 4). 
Sum up squares and divide by 
the number of readings. This is 
Aor A = =(Y — Y.)*/N 

To tind B take the dependent 
variable (time) and do the 


from 


Step 4. 
Step 5. 


Step 6. 
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following: 
(a) Square each reading. ¢ 


(b) Add the squares. 

(c) Divide by the number 
of readings. You now 
have g or 

(d) Add all the readings. 

(ec) Divide by the number 
of readings. 

(f) Square the answer. You 
now have 
horh = (XY/N) 

(g¢) Substitute g—h and ob- 


tain B. 
Substitute A and B in above 
equation and you have the 
answer. 

Now if you like the formula 
in a compact form it becomes: 
R \ 

Following is an illustration of a typical 
curve that will be used to show the rela- 
tive ease that this information can _ be 
obtained. The steps are given which the 
timestudy man will usually go through 
in obtaining the coefficient of correlation. 


Step 7. 


(;iven: 


Time in Minutes 02 015 .025 
055 .065 .06 .0O7 .095 
Step 1. Plot time in minutes against 


length in inches (See Fig 1). 
Draw in line (See Fig. 2). 

Measure distances of 
from line (See Fig. 3). 


Step 2. 


Step points 


step 4. Set up table (See Fig. 4). 
Step 5. Make computations as _ fol- 
lows: 
We said R = \ ] (A B) 
ana A= 
— OOOUTS 10 TS 
and B (EY 
(04905 10) (.62 10) 
— OOS844 — 
R \ 
OO] 
] 08 
\ \ 
D3 
The coefticient of correlation is .053. 


Perfect correlation would be exactly 1.0 
but since all points are not on the curve 
the coefficient is something than 
unity. In timestudy work I have found 
when the correlation coefficient is be- 
tween .95 and 1.0 good correlation exists 
and the line could be considered adequate; 
a correlation coefficient between .90 and 
95 was fairly good, between .80 and .90 
there would have to be a review of the 


less 
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data and a consideration of the accurge 
desired, | 

This technique will give the timestyg 
engineer a vardstick with which to mea 
ure his results and to determine the 
suitability for the uses to which they w, 
put. 


he 


.O8 


— 


l 2 3 4 ‘ 

LENGTH INCHFS 

Figure 1. Draw Scatter Diagram 
(Plot Points). 


IN 1 
Figure 2. Plot Line. 


t 


TIME 


| 


01 


2 5 4 6 7 = 


LENGTH IN | 
Figure 3. Measure Distance of Points 
From Line (Y—Y_). | 
in in 
Inches Minutes 
Sum o4005 900975 


Figure |. Working Table for Calculation 
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BOOK 


“Fabricated Materials and Parts” 


by Theodore C. DuMond, 
Reinhold Publishing Company, 

New York, 1953, 332 pages, $6.50 

This is one of the best compilations of 
che advantages and limitations of manu- 
facturing processes which the reviewer 
has seen in recent years. The discussion 
of each process is complete, yet not long. 
Some cost and production volume data 
< included, but not enough to impair the 
ssefulness of the book as prices change. 
The author covers all the common proc- 
esses plus such useful but little discussed 
methods as sectioned tubing and such re- 
ent developments as electroformed parts. 
This is an excellent reference volume for 
the industrial engineer whose work re- 
wires knowledge of the merits) cost fac- 
tors, and disadvantages of various manu- 
facturing, processes. 

“Handbook of Standard Time Data” 


by Arthur A. Hadden and 
Vietor A. Genger 
The Ronald Press Company, 
New York, 1954, 475 pages, 310.00 
This handbook contains a wealth of 
standard time data for metal working 
machine tools. The tables emphasize rec- 
mmended speeds, feeds and depths of 
wt in arriving at standard time values 
for basic machining operations. Separate 
‘ables show times for set-up and handling 
perations. The basic metal-working ma- 
hine are welding, punch press 
work and assembly operations are cov- 
ered. Unlike the commonly used prede- 
termined time systems, times are shown 
nly for complete handling elements and 


tools, 


machine operation operating cycles. 
There is no breakdown into eclemental 
motions. 


The authors have collected this mate- 
nal during twenty-five years of consult- 
ng practice in the metal working field. 
Unfortunately, they do not furnish in- 
formation on how the data were com- 
puted and the statistical variability in- 
erent in the figures. Thus, the industrial 
engineer will have to judge the useful- 
ness of the time values in his own plant, 
sing his own traning in motion and time 
‘tudy. Even if the time standards can- 
not be used directly, they may serve as 
aguide in the evaluation of present and 
proposed methods and time gstandards. 
The tabulations of machine feeds, speeds 
and times will be quite useful, even 
‘hough the manual times are inappli- 
cable, 

The authors recognize that no time 
‘tandards such as they propose are gen- 


erally applicable without some modifica- 


tion. They say, “Conditions in different 
plants are variable and these differences 
must be recognized.” The industrial en- 
gneer using this handbook must study 


’ the applicability of the data to his own 


antand make any changes necessary. 
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“Motivation and Morale in Industry” 


by Morris S. Viteles 
W. W. Norton & Co., Inc. 
New York, 1953, 510 pages, $9.50 

The social sciences are giving a new 
concept of the sources of motivation that 
determine morale in industry. A com- 
prehensive description and critical evalu- 
ation of the principal experimental stud- 
ies and surveys that form this new ap- 
proach is the subject matter of Dr. 
Viteles’ readable book. In it he shows 
that the financial incentive, as embodied 
in the piece work and similar systems, 
as the one driving force to induce em- 
ployees to increase productivity is being 
replaced by a recognition and under- 
standing of the complex nature of human 
motives. 

Though Dr. Viteles uses the findings 
of social psychology as a point of de- 
parture, the bulk of the book describes 
and evaluates experimental work in in- 
dustry and the application of these find- 
ings by management today. The book 
is not only useful in acquainting the 
reader with the extensive work illumi- 
nating employee motivation and morale, 
but the bibliography and notes are en- 
cyclopedic and will act as a basic source 
book for further study. It is the first 


time such a wide range of material, 
generally not available in the regular 
literature, has been brought together 


in one volume. 

Viteles states the continuing need in 
industry is to increase production, to 
promote employee satisfaction and ad- 
justment at work and to curtail indus- 
trial strife. The emphasis of the book 
is on the application of the findings and 
as such is a useful and practical book 
for management in raising the level of 
production and insuring the morale of 
the industrial employee. 

Reviewed by: Alan J. Levy, Bulova 
Watch Company 


“Seminar on Operations Research, 
Proceedings” 
Sponsored by the Railway Systems and 
Procedures Association, with Technical 


Assistance from Operations Research 
Office, the Johns Hopkins University. 
(Order from Mr. J. W. Milliken, 30 


Church Street, New York 7) 1954, 131 
pages, $4.50. 

Proceedings of a meeting specifically 
intended to highlight the applications 
and possible applications of Operations 
Research in the railway industry. The 
presentations will be of interest to those 
looking for further information on the 
nature and use of Operations Research. 
Topic headings are: Operations Research 
in Industry: The Value of Operations 
Research to the Army; Operations Re- 
search as a Tool for Railway Manage- 
ment; Analysis of a Classification Yard 
Operation; Information Handling im 
Business Operations, Analysis of Main- 
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tenance-of-way Problems; Research 
Team Approach to an Inspection Opera- 
tion; Informagion for Overall Company 
Planning Through Operations Research; 
A Systems Approach to Rail-truck Co- 
ordination; An Operations Research Ap- 
proach to Railway Rolling Stock Re- 
quirements; and Organization, Selection 
and Training of an Operations Research 
Group. 


“Psychology of Personnel in Business and 
Industry” 


by Rogers M. Bellows 


Second Edition, 
Prentice-Hall, Inc., 

1954, 467 pages, $7.35 
Psychology and personnel relationships 
are acquiring more and more importance 
in the work of industrial engineers. Since 
most of the industrial engineering train- 
ing must of necessity concentrate on gen- 
eral and industrial engineering prin- 
ciples, the practicing IE may want a book 
to increase his background knowledge of 
this important field. If he does, Bellow’s 
volume will be helpful since it is quite 
readable, reasonably complete and well 
referenced for additional investigation. 
He emphasizes individual and group em- 
ployee psychological patterns and the se- 

lection and training of workers. 


“The Closed Die Forging Process” 
by P. E. Kyle, 
The Macmillan Company, 
New York, 1954, 128 pages, $1.50 

There are relatively few books avail- 
able which cover only one manufacturing 
process. The market is generally too lim- 
ited for the effort involved and it is diffi- 
cult to keep the material from being 
quickly outdated. Perhaps the solution is 
a series of shorter volumes such as Dr. 
Kyle has written. He covers the mechan- 
ics and engineering characteristics of the 
forging process briefly but very well. The 
book is profusely illustrated and discusses 
the main points the average engineer 
needs to know about the closed die forg- 
ing process. 

“Welding Processes and Procedures” 

by Joe L. Morris, 
Prentice-Hall, Inc., 


New York, 1954, 255 pages, $5.00 

The author is to be commended for the 
excellent job he has done in combining 
engineering and metallurgy with the me- 
chanical details of welding processes. He 
covers the major welding processes quite 
adequately using descriptions and illus- 
trations. without extending the discussion 
unnecessarily. The welding characteris- 
tics of comniercially used materials, test- 
ing, welding design, oxygen cutting, and 
relative costs are also discussed. The in- 
dustrial engineer who needs a welding 
reference which is not too detailed will 
find this volume worthwhile. 
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definition of a hard word oversimplified 
is one of three syllables or more. (Sce 
page 36 for the modifications) 

Similarly, Rudolph Flesch sets up one 
standard as 17 words average sentence 
length. With this goes an average syl- 
lable count of 147 per 100 words. This 
he places against 8th. and 9th. grade 
understanding and estimates that it ap- 
plies to 83 percent of U. S. adults.'” He 
goes on to point out what it is that 
makes Reader’s Digest interesting to 
read. He comes out with a count of 
personal words of 7 percent and of per- 
sonal sentences as 15 percent. To get 
the count of personal words, Flesch 
says,'!! “Count all personal names in 
your text. Then count all personal pro- 
nouns (except the ifs and theys that 
don’t refer to people). Next, count all 
masculine and feminine words like uncle 
or spinster (but not masculine or fem- 
words. The percent of hard words is 
seven. The total of these two counts is 
22 (15 plus 7). This he multiplies by .4 
to arrive at his fog index of nine. His 
inine words like teacher or employee). 
Finally, for good measure, count the 
two words people and folks.” 

Personal sentences Flesch describes! 
by calling them conversational  sen- 
tences. He says, “After all, these ques- 
tions, exclamations, and commands are 
really nothing but a one-sided conver- 
sational exchange between author and 
reader.” The count of these is added to 
that of sentences of spoken dialogue in 
order to get the total. 


10¢Flesch, Rudolph, Art of Readable Writing. Har- 
per & Brothers, New York 1949, p. 149. 

liLwec Cit, p. 68. 

J2Loe Cit, p. 79. 
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READING AND WRITING 


You will be interested as an engineer 
to see how he uses alignment charts 
to figure out his. scores for interest 
and readability. 

Report Writing 

Most of us write reports more often 
than we turn out articles or books. Yet 
we can improve these too. “Let’s Take 
The Straight Jacket Off Technical 
Style,” says Robert L. Shurter in Me- 
chanical Engineering, August 1952. He 
says, “Engineers can begin to break this 
strait jacket by doing two. simple 
things. 

1. Start using personal pronouns. 
2. Write in the active voice instead 

of the passive. 

Again, there is more involved than style 
alone. For example, I was taught to 
put a “letter of transmittal” on top 
of a long report. But I never appraised 
a railroad system. My reports are short. 
Most of yours are too. Even so, the idea 
is good. The “letter of transmittal” was 
to give all of the major facts, conclu- 
sions and recommendations in concise 
form. 

Following the same idea in a short 
report, your first paragraph might con- 
tain three sentences. Your first can 
state or recall why your report was 
prepared. If you are replying to an 
inquiry, you might start off with some- 
thing like, “You asked me to find out 
something.” You may say when by giv- 
ing the date he asked you. This is de- 
sirable if some time has elapsed since 
the request was made. On the other 
hand, if you initiate the report, you 
might start off with something like, “I 
think you should know that so and so 
is the case.” 

Your second sentence may contain 
the gist of the facts that you have. Your 
third sentence would contain your con- 
clusions or recommendations. 

In this way, you give the boss what 
he needs to know in short order. He can 
read on to get more details if he wants 
them. Get out the essence—your main 
points first—-and explain later as I tried 
to point out to the author whose paper | 
blue penciled. 

The need for gaining attention at 
the start, I think you recognize., But not 
everyone sees in advance that he must 
come to a conclusion. I remember Don 
Copell’s reaction to a speech we heard 
one time. When I asked, “What do you 


‘ think?” Don replied, “He had a half a 


dozen good places where he could have 
stopped and passed up every one of 
them.” 


“Predetermined Standards for Typing- 

Preliminary Study” 

by Harold E. Smalley 
University of Connecticut 

Storrs, Conn., 1954 
An interesting report of the prelimi- 
nary stages of a project sponsored by 
the University of Connecticut, M. T. M. 
Association for Standards and Research, 
and Bigelow-Sanford Carpet Company to 
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analysis, Industrial Engineering is in a! 
excellent position to contribute to th 
growth of the engineering profession ,| 
a whole. It becomes our duty to delineg: 
adequately these facets of our &Pproae 
to the engineering family. The activitis 
and publications of our society and ; 
dividual members will thus help to Dry 
vide the public with a more comprehe. | 
sive operational definition of the p, 
gineering profession. 

We shall make every effort to contin, 
and expand our “extra-mural” activitie 

The second theme, “Industrial Eng 
neering at its Cross-Roads,” a the» 
proffered by Editor Bob Lehrer, a) 
deserves much serious thought. Whe» 
is Industrial Engineering going? Wh 
is its future? are the questions aske | 


Over a period of time Industrial Eng | p 


neering is essentially defined in og 
practical world by the articles th 
appear in the Journal, by the activitie, 
of those who are members of AIIE a 
others that permit the title of Industry: 


Engineering to describe their profes; 


sional activities, and by the curricy; 


and course content of.Industrial Eng:, 


neering as it is taught in colleges ap 
universities. 

The above tends to provide an “his 
torical” or “experimental” definition ¢ 
Industrial Engineering. While such » 
formation is valuable, it fails to provid 
adequate means for predicting futur 
growth. Before this can be done, th 
unique objectives of the field must & 
determined and agreed upon. I propos 
that we give serious thought to th 
development of an adequate definition 
of the long run objectives and problem 
solving area of the Industrial Engineer 
ing profession. Only by such thought 
discussion and eventual agreement ma 
we hope to arrive at a_ philosophic 
description of-the field and thereby & 
enabled to grow toward some goal, « 
standard. This setting of a goal is some 
thing we all recognize as an _ indispen. 
sible catalyst to progress. 

The process of determining the Ip. 
dustrial Engineering needs in the futur 
and providing curricula adequate to thes 
needs is one of our most important chal. 
lenges. 

Industrial Engineers should continual) 
re-examine the basic design of the sys 
tems for which they are responsible 
Changes in even the very structure o 
such systems should be courageous! 
recommended when it becomes evider 
that such change is necessary to th 
mutual satisfaction of all interested par 
ties. 

I call on each of you to participate 
in the activities of your Institute. On) 
by your continued interest and partic: 
pation will AIIE be meaningful to yo 
and in turn continue its growth. 


explore the possibilities of developing ‘ 
set of predetermined motion times fo 
typing activity. The study is introduce 
by a reasonably complete coverage 0 
the background of clerical standards an 
the problem of attempting to use pre 
determined motion time standards for 
such work. The methods of planning 
and executing the study are reported ! 
complete detail. 
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ta and to the application of sta- 
istical tests are outlined. It is noted that 
forecasts based on work-sampling data 
sre subject to the same type of limita- 
ions as apply to other methods of work 
measurement It ix indicated that the re- 
sylts of a series of work-sampling studies 
may be tested for random variation; that 


pling da 


f this variation is not random, analysis 
of variance or regression analysis may) 
provide estimates of the rates of varia- 
‘ion and means of testing the significance 
of such estimates. In a simple case, tests 
hased on the binomial law are appropr! 
ate and the size of sample required can 
he expressed ais a function of the sample 
proportion and the admissible error and 
level of probability desired. 

Planning a work-sampling study may 
nvolve selection of an admissible error. 
This is a matter of judgment invelving 
the degree of accuracy desired, the cost 
f securing a given level of accuracy, and 
the resources available for the = study, 
Since these factors will vary with differ- 
rule as to the 
Evidently, 
a criterion that is satisfactory In one sit- 
vation may be rejected in another. The 
epriteria discussed in this paper——constant 
absolute error, constant percentage error, 
and constant sample size— vield different 
results with respect to <tandard of accu- 


WHAT ARE THE 


(Continued from Dave 7) 


ent situations, no sing 


admissible error Cat be vive 


ly useful concept or in) terms of a 
scientifically established concept. 
2. If we accept the pragmatically cm- 
pirical criterion, then we discovel 
that almost all pre-determined mo- 
tion time systems have “worked.” 
The very strength of these s<Vstems 
lies in the residual flexibility left 
in the systems by their authors. 
These permit a relationship 
between the workers and the eng! 


Viable 


neers by enabling the engineers 
to continually re-define their baste 
data to conform to the worke 
concept of a fair rate. 


The 
termined motion time system would 
take the production 
standards outside the realm of col- 


Imposition of a rigid pre-de 
setting of 


lective bargaining imposes the ob- 


ligation the enpeinecrs tw 

demonstrate the validity of three 

untenable assumptions. 

a) that there is a seientifie level 
at which workers ovght to 
work. 

b) that there is a= scientifically 
tested method for extending 
this level from one type of 
operation to another. 

c) that the sub-division of the 
system constitute statisti- 


cally independent set of times 
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WORK SAMPLING STUDIES 


racy and sample size in relation to the 
sample proportion. Obviously, many 
other criteria could be devised, some of 
which would have special merit for a par- 
ticular situation. 

The graphic relationships presented for 
the particular accuracy criteria discussed 
in this paper are a convenient tool for 
planning work-sampling studies where 
such criteria are appropriate and may be 
useful in the development of still other 
yuides to sample design. The charts may 
also be heloful in judging the accuracy of 
results from a particular work-sampling 
study. 
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which can be combined in any 
sequence in any configuration. 

i The overwhelming weight of evi- 

dence thus far demonstrates that 
there is no basis for these assump- 
tions. 

Lest I appear in the guise of a com- 
plete Philistine, let me add that the 
search for pre-determined motion time 
<ystems has led to much valuable study 
of the detailed mechanics of human 
motions and the factors that influence 
their speed. | do wish that the scholar- 
ship meat of these ‘nvestigations was 
served up with a good deal less selling 
sauce. The foreigner who views the liter- 
ature on pre-determined motion times, I 
will be more impressed with 
them as good examples of aggressive 
American merchandising methods that 
as guides to sound scholarship. 


suspect, 


Correction—May Issue 
“Plant Investment & Survey 
Results” 


Top of Column One, Page &; 


Lines should prece de Lines 
.. Which projects can be compared. To 
use this method, the investment amount 
ix divided by the annual net “profits” 
to give the number of years in which 
capital is recovered. As commonly used, 


no charge or allowance is made for 
depreciation, interest, or takes in ar- 
riving at the profit” 
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ATTITUDES AND 
PRODUCTIVITY 


(Continued from Page 19) 
dards. The questions are then printed 
on a survey questionnaire form which 
has been designed to facilitate tabulat- 
ing for cur report. 


ADMINISTRATION 


Employees in small groups (10 to 15) 
answer these questions under our actual 
supervision. This is done to assure com- 


plete confidence in the anonymity of 
the whole survey. It also enables 
us to bring about complete under- 
standing about each and every ques- 


tion on the part of each employee. 
As a result, the replies, according to 
all the research we have done in this 
area, are valid and reliable. Constant re- 
search is showing us how to improve 
our methods from month to month. This 
has been going on for seven years and 
will continue indefinitely. One large cor- 
poration is about to enter upon the most 
extensive research job to date with us 
in this area of the administration of 
employee opinion surveys. The impor- 
tance of administration cannot be over- 
looked if companies are to have valid 
and reliable results. Only in this way 
can they take the right action and avoid 
doing more harm than good. It is no 
job for amateurs in the field. 


ACTION 

Employees deposit their completed 
questionnaires in locked ballot boxes. 
The questionnaires are then sent to our 
office in Toccoa for tabulation and com- 
pilation into a report. We do not at- 
tempt to analyze the results at this step 
because we are convinced this should 
be a joint effort with management who, 
after all, must take the remedial action. 
We do put the report in such form that 
it will be easy for management to under- 
stand and use. It is for this reason that 
all figures are presented in graphical 
as well as statistical form. These re- 
ports are delivered within three weeks 
of the day we complete the so-called group 
interviews with employees. Speed is es- 
sential at this step in order to get the 
fects back to management while the sur- 
vey is still fresh in their minds and of 
interest. Only then will they take the 
time to really capitalize on the invest- 
ment they have made. After management 
has an opportunity to study the re- 
ports we start our series of follow-up 
visits. The purpose of these is many 
fold. There are questions to be answered. 
Reports to supervisors and employees 
must be made. A plan of action must be 
developed which lays down the major 
problems; who will be responsible for 
correcting same; and when this should 
be accomplished. In many instances the 
follow-up by outsiders takes the form 
of “needling” to assure that manage- 
ment takes action so they will be sure 
to get a return on their investment in 
this employee relations tool. 
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